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TI TLE PROCESSES FOR PURI FYI NG PERFLUOROCYCLOBUTANE CROSS g@éﬁ%@%

. RELATED APPLI CATI ONS This application clains the priority~benetit o . S.
Provi si onal wipglssezat i on 601 076923, filed March 5, 1998. Fl EpBr/hookiaas

| NVENTION to The present invention relates to azeotropic and azeotrope-1like
conposi tions containing perfluorocycl obutane, and azeotropic and extractive
distillation processes for separating perfluorocycl Obwm’mm,mmumlsfl r st

m xture conprising perfluorocycl obutane and hal ogenat , such

t hat perfluorocycl obutane of high purity is obtained in ausisgh-recovery
efficiency. 15 BACKGROUND OF THE | NVENTLEN Gaseous fl uori ne-contai ni ng
conmpounds are use { } i o manufacture
sem conduct or dev?ggﬁgﬁ#ﬁg@%gpﬁﬁgﬁmg pg%?‘%’?glo{pgﬁﬁ ogu?gﬁg (PFC-C318) is
in plasma etching silicon-type materials 20 during sem conductor device
fabricatien. Pl asnm GROGS$SREFERENCEIO’RE]I GARD APPIICATIONS:r the plasma
conditions, and these, fr at,l. ro [ to,WMih the surface of

t he sem conduct or .deslhléél?ﬂ%ﬁ‘h&%’ﬁﬂ (%?etpx%gﬁggex}egfﬁ@g&r%mpﬁg el ectri cal

pat hways and Ampbwlahﬁ@’oﬁéﬂntﬂ‘édg«ﬁnlaa%é%&ncti onalities that define an

i ntegrated surface. 25 Chem cals such as PFC-C318 used as plasma etchants

i n sem conduct or manufacturi i i nerally referred to as
"el ectroni c gases". Elect ronﬁmmuri ty are critical in

thi s applcation. |t Thepieseotumvention refetentoazegirapirednd azentiope-dikof i npurities in

el ectroni ¢ gas@fostiths E:@lﬁhih:%gip@rﬂﬂoﬁﬁgéli)mad@, &Hdhz8dpic g ekfessive T or mation
per semi cond:éct.gr.d_ew ce wg)gn such g{ﬁ npu)r(fg ‘g@g? are_used in

seni conduct ot SYEFHWLTIREHGH LT STRAFIL PERIUSIoCKEHP rom 3, firshmiMWE ce of t hese
impurities, icompudngmperflaorbéycldbataes andiedapesatedimpmtitiese sucanblathal ocar bon

inpurities, : I r 1Ss0e0 A 004, Li vel ,
i ncreases t hz%rgfe&? }ggfa?g{t%%?)ﬁhtgﬁ@hﬁt olgafc):ttg ?‘8‘2&0%&%}?%9%5@% nléfit egrat ed
circuits.!>As a result, there is an increasing demand by the el ectronics
industry for very high 35BAOKGCROZNINOF THEINVENTIDNIN | ncreasi ng nar ket
value for the materials hayi ng the required rity.  ldentification of
inpurities and net ho%‘s it H?%g}efcofltg%r%aﬁomrpgﬁﬁdejssaéen Se%l’gg‘genejl?clhg'é'ﬁst aspect of
preparing t hendusEhurproggases to manufadiers serpigpiducter fioyess. The magepseatber 2002
PFC- C318, i N geiffioRiéy@olilileRPFEXIN1B) & $n PaaResthifSsilidhattypéd Raéahived for
integrated ciycuit rragﬁﬁf act(grl ng bandt. maﬁ, be usg’d LD ﬁ v%be‘{#} of
manuf act Wi ngEPRpEIcoRdacigLdgvics Tatgicatign, Hlasmasichants push a3 FECHEi st ency of
the effect elfmgmennindergbsplasmacmdionRA® GRiSrigmentation progudtnintgyacat ed circuit
manuf act ure R ABEEree 67¢h SFBLEIndDEBP el &Mdi@ﬁﬁfﬁ s&5d tbi1gPlovirtheuch

uriti [

applications. The presence of hal ogenated.i I, S t PFC-C318 is
obj ect i onabl éﬂ‘FHFaf M4 gvigges s tﬁe f‘ﬁf"é’:gﬁ’r“&‘?i‘.aﬁ?ﬁsdgﬁéggge Phat woul d
al I ow for nmanokegretdsefat. PFC- C318 having a purity that approaches 99. 999
nol ar pergent purity : I e uld provide at

| east 99.%999 nol ar %&@gg{%%%%%trﬁcPé%&&ggﬁ?ﬁg éé{:ht%tg\r{#q t o gas

appl i cat i ons SE@ifeadysior prappiaetuding apmtications arepgerplly 1efergd £ Isleckreme pyrol ysi s
of chl or odi f |gagustnElebieitc gactihakihg hifbfuridydre catical i thisappiadion.i MisUS Pat ent
N.O' S, 12.9’ 997k'nolv¥1 d|ha§ e\(;ielnfvf I Culatll atng)ouggto% h ua:litip .!;: %eﬁ:k‘gniw anlé%;n rrég&ﬂ g very

hi gh purity fromthe proﬁﬁ'cstm st’ream pro lﬁcea.by Thrs ﬁr 0CESs because a
vari ety of havidgblrgwilth am thysdessiipfoanation pepsegucopdesiercisyice waen sich extr enel y
cl ose- boi 30 Ndndpareffates arelifted I seiMfdohdictdtdeAte thamiTaknitiligosis AMRsedRbr, Ot her wi se

exhi bit non-igdeal behayvjor.such.that, t.heir .relative.volatilities conpared
Co PRC. 318 ABpPSsORee (i spRiissdBiing protiuEh MRl Befe e ot  vo
vol atilities lappabas mpirities)euén whdh preseptaondydintthe pRSPetMilak &evelhei r

separation frgmR &P ' | oSk childenbiflihRPrad difdGitsf @&td ve in
recovering a : EFPC-SE%T?%@?J%‘& @%?W%Ofﬁt urﬁhtl?telseﬁraave ee_nS rer?oved. Such
separation i sepul theeeds an ingrepsing,demandiby thgrlectropics Indugrsor vy hight t he
r ecover ed3sPFGusidléchanOghdes, alParsinbredsiip arkbtyvafue dér thé martislg dadhgthei npuri ti es
o e ot bl AU EL RS e L SEMBTEALL AR X U
Convent i onal TePrESeOtiasigrificant athgeliof grepammzthegtehans gesgsfor theseanmicatioapabl e of
produci ng a PFC- C318 product having a 99.999 or greater nolar percent
purity due to their inability to renove! a vari ety of the hal ogenated
inpurities fromthe PFC-C318 product. The production of PF in
99. 999 or higher nolar percent purity was not known beforejmmmﬁm m‘mm
i nvention.
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30 Wist in GB 886,714 discloses an extractive distillation process using
aromatic or chlorinated aromati ¢ hydrocarbons as extractive agents for

- separating a m xture of perfluoropropyl ene and perfl uor ocgdeptaniser@002 om
ot her hal ogenat ed conpounds obt ai ned upon the pyrolysis of

chl orodi fl uor omet hane. The present invention solves probl ens associ at ed
with conventional 35 distillation methods by providing distillation
processes for renovi P% hal ggqenat ed i ur|t es from PFC- C318 so as to
produce hi ghl y-purifi -’&%PWFW % PYHPitCRoRSTiIesthat as¢ wilugd fop 5

Sept enmber ZO%egsu&aNh&BVnﬁuﬂH&hg\Mﬁ\ﬂihpbéMwaew of MMRIThétAfing ONPr i Ses

PFC- C318 b h te I ti f bl. t
[ es thans‘ios%afttﬁepéﬁvmﬁ??rﬁr%%erfm? ST onSRhG offis o pEr R 0" 8™
Sept enber 20@2366\@1@%4%@21@318 mejduﬂﬁgﬁim&écimm lpamﬁm’wrelhm/made on further

conpri sessazg &ﬁa aiiﬁu %Fh?ﬂm%ﬁ&?smm !réém?;f
perfluorocyclo uta 1,1,2 tra | uor oet hane
( HCFC- 124) : 1813 ahjectiogable fortheintanded vsesiet hane

E EE% igj) ) pemhgﬁerdo]gllmb&bwm&ﬂ’&mm féh)manchciurd oflPRC-€131 &hh\dﬁg aeth hane

- a); an rfluor t a !t hane
(HFC- 152a) . %‘ aé’RPa&ﬁ‘%g’kﬁggﬁ?‘g%ré‘ﬁ té%ﬂ‘i%{ d‘} JU%%%? RS
extractive dltlmt IWOIUhi prowdpabbw§é§99%mowpemamtlmgt}pﬁlf¢md8(ﬁmﬂdﬁcabmpane
( PFCC318),;,f r%g} Qpﬂli'cﬁéénsmdfﬁdlﬁ@p& ising perfluorocycl obutane (PFC C318)

and hal ogenated “i'npur | ties. Acc ing to one asFect of the present
invention, there is &F&ycagﬁmay BB\S‘!a‘%edflb’rth%BH& yiisiofkg per f1 uor ocycl obut ane
(PFC-C318) frcmasnhﬁﬂmgemameﬁb tHCF(cqarpramdi@xosédaiUSIngtNom xture of

per fluorocycl e  PE urity i i t he.presence of
an entraini n 0‘2329%9 I&S d(%hie:g&? o&mt"h c%)ggggmg‘s]?ts g V6F e%}h%l?ns ket oses,
al cohol s, satftemathe @rodpdy sireamipspducad dy ﬂai progess dedapsh @@aﬂe@r oicheldgsnated and

o e per R slepyaes Wb Ceaggu e cten, D,
parts-p [ J

aspect of t hdhs¥rsspratediand puge;s Q'WQ}EWS”E’E}F%\?%%Q%Q&#‘ 8%%“*3?" separating
per f | uor ocy cltiadixrehatiee (fﬂEﬁ}ltﬁRbB)npﬁfcdm BFCiCHB approlachied odéven becomes 1.0.
pertluorocyc P ed fromthe
group cons skﬁﬁﬁ*‘“@% EtpaE ol BpR R 8L il PO ol il © FC:

1,1,1, 2- tetrélﬁll ma&emmp@amfr@nﬁ(bmwhymrwmmmb@hdmowoc 152a),

vher o1 1 e WG %KL “’E‘ﬁdm ey e e Bl el Bebebe 7 e
azeot r opi ¢ ore*a%gt ﬁa%qp&@ﬂ% 2ly Pl polgmptiq i ?gw&f*%a&ma\eppc-csm)
and hal ogenatedverm 8FCtG3 18qmoghuct be mgxstaauz)llydﬁest of Halapgndtébiniputisies aadkt ure to

forman azeo t fl.obut ane
(PFC- C318) ak"é@% tie PRCETARIRBMIES WS o POTRON e onls RGeS 011 2
azeotropic of émPPREeSc‘&%b'shthWeﬁYsefg“éP%t ed fromthe group

consi sting of . ) mnﬁéxﬂﬁhﬂQﬁétﬁoﬁfoﬂﬁﬂﬂﬁcﬁﬁ@EPFC@}IGQiimtithBt consi sting

tiall f 24. 6.t t fl but
(PFG. c'e,i‘S)yaﬁ%P4> sk s B TR poRSiroSiHe b 5T AGlabBA oL ane
(1-i ftC- 133)C pement p(uutypdmtblthmrmwhtygoaemmdavmepmfnhe helogenated - 30C at 10
psia to E'g putitfes Bdhfthe PFC- é3ﬁeweﬁhgﬁx%§u lon)of ?’?Fa%%ﬁg{ 89{ c or

azeotrope-li conpos] tion consistlng esse %o 0.6 nol e
percent of p@PPPPer bighen melat pereent purity weg nokkne f9(§‘°]P‘F§9n9‘9V@PtWBle

peL celnt ab 1,1,1, f2 ]'EQVllistﬁﬂGﬁrmt‘lﬂam@c(dscsﬁﬁxiﬁ&abednﬁmafioxﬁ Iuh!ngn ?aVI ng
a boiling pol I 40C at .147 a, or .l an
azeotropic o?“% g%aggtof 8@8“?"%%&’8 0 né%g‘?@“’g"ﬁ §tﬁ°ﬁ'§° 3%?@#?7 %ﬁpf‘v"fﬁ from
23.1 to 21.3amixargefpesfiuorepropdend a:xdrmdwlrmlohnten«( feg-adst 8plogenatedr om 76. 9

to 78.7 nol ec&ﬁﬁ&ﬁﬂko%n@d%p&ifﬂe%f&%%&&fﬁu&éﬁﬁihméa' d conposition
having a boiling poi of from - (@t 19 psia to 80&%349 5| , and b.)

recovering said azeot Bﬁfeée’&m‘ﬂ‘@%‘f? VrS-Aroems gsspoate cgavegtignal; j | | at i on
col um ouer hddllstionanethadichyasrovidingrdistiliatiob ploaésses BFfenfo¥irp) halsgeiated

distillation;gol Hi sRRf PRE'HBE8T to produce highly-purified PFC-C318 with high-

recovery efficiency.



According to yet another aspect of the present invention, there is provided
a process for separating perfluorocyclobutane (PFC-C318) from _ a first

- m xture of perfluorocycl obutane (PFC- C318) and hal ogenat ed smmbér)eooz
selected fromthe group consisting of 1,1,2,2-tetrafl uoroethane (HFC- 134),
1,1,1, 2-tetrafl uoroet hane (HFC 134a) or 1, 1- di f| uonet hane (HFCG 152a),
mhereln t he anount of halogenated i -urit in_the flrst mxture is in
excess of the ampunt of hal YSMMARY DETHEJNVENEION; oot r opi ¢ or

azeot rope-1ike Corrposmépﬂaaemfinmﬁ&hbmﬁmgppcmaseusma@ﬁ%&oﬁnd

hal ogenat ed | ur|%§ np ggga % di sti,l 1& 1Fﬂxture to form
an azeotropl dﬂPSBéeﬁ»P'i? I% Sanaipin, 5&638 fﬂaffﬁlpS’&% 19BN

(PFC- C318) aonfihdlegengted amnpuritiespurity as a second m xture, wherein said
azeotropi c or azeotrope-like conmposition is selected fromthe group
consisting of i.) an azeotropic or azeotrope-like conposition consisting
essentially of from24.6 to 23.2 nole percent of pertluorocycl obutane
(PFC-C318) and from75.4 to 76.8 nole percent of 1,1, 2, 2tetrafl uoroet hane
(HFC-134), said conposition having a boiling point of from-30C at 10 psia
to 80C at 326 psia, ii.) an azeotropic or azeotrope-like conposition
consisting essentially of from9.9 to 0.6 nole percent of

pertl uorocycl obut ane (PFCC318) and from90.1 to 99.4 nole percent of
1,1,1,2 tetrafl uoroethane (IBC-134a), said conposition having a boiling
point of from-30C at 12 psia to 40C at 147 psia, or 3a 5

Septernber. 2002 iii.) an azeotropic or azeotrope-|like conposition
consisting essentially of from23.1 to 21.3 nole percent of

per fl uorocycl obutane (PFC-C318) and from 76.9 to 78.7 nole percent of

1, 1-di fl uor oet hane (IBC-152a), said conposition having a boiling point of
from-20C at 19 psia to 80C at 349 psia, and b.) recovering said azeotropic
or azeotrope-like conmposition as a distillation colum overhead stream and
hal ogenated inpurity as a distillation colum bottom stream BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig 1 is a schematic diagramof a distillation
systemthat can be used for practicing an aspect of the present process.
Fig 2 is a graphical representation of an azeotropic and azeotrope-like
conposition consisting essentially of PFC-C318 and HCFC- 124 at a
tenperature of 20C. Fig 3 is a graphical representation of an azeotropic
and azeotrope-li ke conposition consisting essentially of PFC C318 and

HCFC- 124a at a tenperature of 20C. Fig 4 is a graphical representation of
an azeotropi c and azeotrope-like conposition consisting essentially of

PFC- C318 and HFC-134 at a tenperature of OC. Fig 5 is a graphical
representation of an azeotropic and azeotrope-|i ke conposition consisting
essentially of PFC-C318 and HFC-134a at a tenperature of OC. Fig 6 is a
graphi cal representation of an azeotropic and azeotrope-li ke conposition
consisting essentially of PFC-C318 and HFC-152a at a tenperature of OC
DETAI LED DESCRI PTI ON The present invention includes PFC-C318 that is
substantially-free of inpurities. By inpurities is neant any hal ogenat ed
conpounds ot her than PFCC318. By substantially.free or substantially-pure
is neant that the PFC-C318 _ produced by a process of the present invention
contains less than 10 parts-perm|Ilion-nolar (ppm), preferably less than 1
pprm and nost preferably | ess than 100 parts-per-billion-nolar (ppbm, of
hal ogenated inpurity. Thus, included in the present invention is PFC C318
having | ess than 10 ppmm preferably less than 1 ppnm and nore preferably
| ess than 100 ppbm of inpurities. Analytical nethods that may be used to
anal yze such concentrations of inpurities in a PFC 3b 5 Sept enber 2002 W
O 99144973 PCT/ US99/ 04818 C318 product are disclosed in "Exam ning
Purification and Certification Strategies for H gh-Purity CZF6 Process
Gas", Mcro Magazine, April 1998, begi nning page 35, hereby incorporated by
ref erence.
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Processes used to produce PFC-C318 may sinmultaneously produce a 5 variety
of hal ogenated inpurities in the PFC-C318 product stream anpl es of

hal ogenated inpurities that may be found in a PFC C318 prﬁﬂ%ﬂ@@ﬁerﬁ%rogam

i nclude linear and cyclic, saturated and unsaturated, perfluorocarbons.
(PFCs), chl ov@P¥48%dcar bons (CFCs), hydrochl or of | uor ocar bons PCFUBL:4$18
hydr of | uor ocarbons (HFCs), and hydrochl orocarbons (HCCs). Representative 10
exanpl es fromthese cThspesenoinvemionderizxr edmpriyesazéatepicicompasidonsPFC- 31- 10

|
ég?; Imjorgi)elnfgng‘glﬁ‘sl%eggﬂtgawggggﬂ&g&yu?c| S éﬁ?gcfdrfgfréwgéﬁgéu PFC1318c
( CF3CFz CF=CFz jetrafiygro SRITIT ool “‘Pm FCra318yppd é»rl,?é: =CF2)
per fl uor oi sobt&ﬁﬂ@orbéﬂime@{mm) pelﬂﬁ&o&ﬁdot(\fﬁe@mwmk) anidfc},124a 15

(CCIF=C2), i @169%8@??%8‘%5%3&%%@%?&% i)

HCFC- 124a ( (awpmt inventon furthes cergpme@ﬁzgotmpncmsza
CH3CF HE gl @5ra Jorins

ECF CHIZ:|(_3|)F3) %@%‘f e3tﬁ§mHl’°’<:hEn CF2). . .HFC,ﬁ 36capm&b(£m%émc 20 236ea
( CHF, CHFCF, ) , SE‘ @%ﬂ?ﬁ"?‘“ﬂ 3‘4 ) and

HCC- 160 { CH, Chklﬁtehate&empmaies.of t hese i rrpuri ties for m azeotropi c or
azeotrope-li ke mxtures with PFC C318, maki ng high-recovery efficiency of
substanti al | y- pur e Appading 1@ ot aspact ofthe presaits nversionethers igiprovidedia progese for

i mpurities thaepatatingperfleasoeyslobutans (PPE-C318)0fremp halogenated impurity; eempsising: PFC- C318

i ncl ude each of HCQ{qihRf HEC-
Q her hal ogenat ed |rrpur|%t|l§§%§r égﬁ%gg%&%% pyro?@flg&o E@%%ZZ t hat
represent a sigpyitydathe mssmeeqﬁmwnmmgmgn@tsamm mgpm:etm'g:c-csls

product i ncl uggetBifs; Retdries)alcdofs; sathrated hydidtarbedsind sefufatdd 4, and CFC- 1 14a.
30 By high- reé d}er%lpeff Cl enc%sls meant t.hat greater than 90% preferably
greater than BEro 18 in a first mixture is recovered as a
result of a purifi capvaingpeoiesecyzbobutaé-(PRC3C3 1) conitaining less ttmntli0al | y-f r ee
of at |east OEW@rmﬁglégPh%gé%a g&ytroplc or an azeotrope

conposition iS neant a constant xture of two or nore conpounds

Compost 1 on 1 oy P FAgRE TR A Hc P ﬁ% P Ut BBl iRAeh, BB ARAROP!
distillation §f°?sl%e Imw%&%s&% sane o lﬁe I|qU|dafrom

MPOSI t i o(? as t
which it is eﬁmﬁamxﬂmﬂoﬁperﬂum‘bcyclcﬂwanﬁ(@c-&%& aridhalogenated impwrityr ef | uxes 4

5 Septenber 2 I+ 4 tgﬁ.%ﬁ‘ gpap fys@nal change.
Const ant - boi | ?%éﬁéé{%rg‘%stlﬁ??; 4&%%2?%’% Q%t&%g% C%zlé;:g@bgn t hey
exhi bit ei t hedlal.#rigtrafiy iqri n’gd‘ﬁ?PWFamB% érﬂg i t hat of
a non- azeot r oflicanibunt of rﬂﬁorbbﬁ:ldﬁlmw@m@mmmthé\ﬁmmmmsmamstl ons

or cscure 1 or abt 8 apuf SPheE bl Bulihe U W&?Wems oo

constant t enplikecemposititn quuﬂuoowclqune Q’E%Qﬁﬂ pdIMPHHY, has a
constant boil g ? glg%acterl stic or a tendency not to fractl onate upon

boili ng or evapota I ef t he co 03|t|on f .the vapor rmed is
the sane as, or su tanfhsgﬁ}n}tg g"i g??’(jf’ﬁé?e Lge
conposi tion. Ebmbﬁmdimﬂpcrmmmyelcbpanemmcm&)aaddlhplngénutedmnp:ﬂtyasna if it

changes at al =

azeotrope-|i kLécgﬁg el’%%é‘h%‘f@ﬁ%%%@ﬁ% zed&L t e&g%g%l that is
adj acent to tfrenrmgrmmcemmcrfum vapor- pressure in a plot of conposition
vapor pressure at a gi VEPaﬂ%Bﬁbﬁ&Bf&ea&ope fikmcdmlﬁmﬁhhdﬁnbnmﬂg action of 15

Sbout 50 vei ght  peraERAyorm .6 WREZ alal? Borbie BEBRANGRTLLERA | 20 F)
off to produce a r @G- msm@)mmwsﬁdq%&molemwgmﬁdm&n t he origi nal

conposi tion and thg Qﬂhgl%gﬁjﬁ) i ght %
andtyplcally no m)reit]%'0 0 ?§4|§62@8/6 %i tlvetothe or.%‘flﬁ%ﬁmg
conposi tion. 2o ByfrPEAe38Yr at W%’@WG&F% Q)Ps‘%zeot rope conposition is meant
a conposition that boils at a | ower tenperature at any given pressure than
any one of the conpounds that conprise it would separately boil at that
pressure. Alternately, by |low boiling azeotropic or azeotrope conposition
is neant a conposition that has a higher vapor pressure at any given
tenperature than the 25 vapor pressure3f any one of the conpounds that
conprise the azeotrope would separately have at that tenperature. By

hi gh-boil i ng azeotrope is neant that an azeotropic or azeotrope |ike
conposi tion boils at a higher tenperature at any given pressure than any
one of the conpounds that conprise it would separately boil at that
pressure. 30 AI ter natel Y, by h| gh b0| I | ng azeotrope |s rreant any azeotrop| c

oy L o . o,
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WO 991 44973 uni que conposition of matter which can be a constant-boiling
PCTI US99/ 04818 conposition * It is well known by those skilled in the art,
-that, at different pressures, the conposition of a given a&8eptember 2002
azeotrope-like 5 conposition will vary at |least to sonme degree, as will the
boiling point tenperature. Thus, an azeotropic or azeotrope-like
conposition of two conpouRrds_represents uni.gue t .of relationship but
with a variabl e conposi t1l'§ﬁ‘“f"ﬁe oﬁlgpoéﬁ@%'gﬁe'#lgﬁﬁ%xpé&g?@cé’ﬁalf g pressure.
Ther ef ore, conposi t¢sserdially afi from 9.9 o .6 male percéntyof geflunpoyclobutarse, (PECe of t en

used to o define azesid)anaonidy. #5099 4 Rfe bdrken 6P I 9% ldudRGoroomatle 3280t rope
or azeotrope-like C&gl‘p%ﬁl tion, of two, conpotinds can bé characterized by

defini ng conpositiod afciaid pomppsiipniaging)a bogingpait of from F0Veat B2 essur e,
thus giving identifpsi@ 409@a0¢4Epdigtorcs W thout unduly limting the scope
of the invention by a spgagifi unerical conpgsition..l s which is limted
by and is only accurat ep@g "t“ﬁ%“%ﬁﬁ‘i,?‘i%&?“@%ﬂ ,«Fgﬂ‘{mi{%}gﬁlfg{ms@g” i's
recogni zed in the agssentialy obfom 23ktasdi.3 mole peocent ofpraifludrecyhabutaneof each

conponent of the azeaiLOPid) 2@ HRFT4.0 RI7E Mok IBAEG YPEN-diftfor8dhitle OPe

| i quid conpositi onc)@sﬁ(fg% ct ecg to bojling at different pressures. Thus, an
20 azeotropic conp - ‘ﬁa‘g‘i“ cemposition hayige ahofing ot iof frgpm g0 eC at 19

rel ationship that epsisto80a0ang4Tpsimandénts or in ternms of the exact anounts
of each conponent th L] ' 1y fixed hailing point
at a specific cFr (_asggu' e. e’f’?&}izgg? 3%‘!3%‘?°§§§{°?°%t"*?%“§’5?.1‘3?'{8&%%5?‘?%%? t he

rel ative vol atdistillafion tolymnayeehend stsvameandprrBuoracyeiobutane (REG613i18) asp PFC- C318
and a hal ogenadisitllatioR ¢bluinh bortosd stielf. Pr esent i nvention, approaches 1.0,
such defines the systemas form ng an azeotrope-like conposition. Should
the rel ative vol at i Aédopdikpetos@ti@othieasped of the presehe irivestion] theredy prloeidedis f or m ng
an azeot ropi C @oeeOSI for ON.sepgafting i t ipedlusdoogtobumhat | WFCO31BY i | ifioyh t 0a PFC- C318

appr oaches or %gi‘ﬁbﬁnrl- Pglrﬂ% o ¢ i Is £0 separate
from PFC- C318 conver?tQ onaf)ﬁﬁ}'és{t I, i@ggc%w)%@%h%ﬁﬁagﬁh&%i stillation
i s meant that Selesteddiom thegroun consisting ekl, bai2jtemaflyareethang (HEEN3®).0f t he

m xture to be Eip2retraucrodhaRqHFC1 Bapar nuaiﬂﬁwomgmctﬁszaﬂfwmwimr m ne

the relative vglatilit any {wo c nds, a nmet.hod kno as the, PTx
ot hod. oy be 1% ottt pfiogBffed by AR RINE ARy pl 8 B B3P sl |
cell of known ofdialegensted impawity inchncazeetrapicet azaetroperifkercampositibwof 35 vari ous

conposi tions W v J scribed in
.detail in" th’algs‘:éirl %ﬁ%ﬁé@iﬁ@ﬂ? ?5%2{@‘5(1{6%&53 ﬁﬁgjﬁn e ’ngﬁfrpgﬁiggl en

I , : ce
Publ i sher, 1970, wd}te {PF&YQ‘SI ROIX{Ygg {0 106m ap ggrogo 124”@6"@?8?“’%& eby
i ncor por at ed hdonipekitios 0f PerflaorocyclobutineLPCATRIB) antDhilogdhatdd BASAHS as a

PC f/US99/ 04818 These nmeasur e od i [ 1B vapor
and liquid co (1) @Mgﬁﬁ?ﬁwﬁoﬁp%oi%ﬁg; g"x%e gé}%]? (\)/sI?@c;H %3@\‘9‘#@] ent
equation nodel zomﬂlﬁgra@@mlsﬂw_oﬁandom Two- Li quid (NRTL) equation, to
reprte_sent Ilqw d pthﬁseNri. @h%&obi&ﬁ;azé&%d p@ﬁikﬁ@oﬁﬁédiﬂdx{dbn?@_ﬁﬁé i ?h ent
equation, such as e uatj.on i escribed I.n ai e
Properties of Gase<SSsinialy %%'é;w'ﬁgdp%é’ﬁf“&ﬂglpfgﬁ’é’mf@gﬁ%“ i1,
written by Reid, Pr@BEAC3IB)and!freml 150to 7618 malpgercertioftlol , 227, and in "Phase
Equilibria in Chem [ H1Pe.1" lyi : : : fshers,
1985, witten by Sttgﬁ%ﬁ%d%ld&g,& 133 %dfégﬁg%aﬁwéﬁ&g@g?’%hﬂ oned
references are her diymr Srqédﬂwedogﬂ)f ¥P2ppPH8e. t0 Wthout w shing to be
bound by any theory or qxph@abiéiic of dzebSoeeliNeebfibokitioh chiMstRIETL equat i on,

volat il ties of Prestsialy abfuRs CRhe Pas prrLe PRk Bt of

the present invent i@ 8uand fram I0hlketocOat molerpentent oftlik1,2¢etmfluoroetianehese

m xtures in nufti- 2 td ﬁm i€l b Sfedih |-9do 1201 umms.
t5 Surprisingly, Pg&@g@%gﬁgﬁ@%ogggﬁ ave %ggﬁﬁggﬁggbﬁ?élhgé géetsent

i nventors to form $§aded88%¢ abl4/ RE#POSsi ti on conpri sing 26.8 nol e% PFCC318
and 73.2 nol e% HCFC- 124 at 20C and 49 psia

(pounds- per-square-inchabsolute). Fromthese data it has been cal cul at ed
that PFC-C318 and HCFC- 124 form azeotropi c or azeotrope-|ike conpositions
conprising 26.8 nol e% PFC 20 C318 and 73.2 nol e% HCFC- 124 at 0C and 24.6
psia. Fromt.hese data it has been cal cul ated that PFC C318 and_ HCFC- 124
form azeotropi c or azeotrope-like conp@aitions conprising 27.5 nol e%

PFC- C318 and 72.5 nol e% HCFC- 124 fornms at 80C and 234.1 psia. Accordingly,
the present invention further conprises an azeotropic or azeotrope-like
conposition conprising from26.8 to 25 27.5 nol e% PFC-C318 and from73.2 to
72.5 nol e% HCFC- 124) said conposition having a boiling point of fromOC at
24.5 psia to 80C at 234.1 psia. Surprisingly, PFC C318 and HFC 134 have

o " o v o v - oy o "




30 cal cul ated that PFC-C318 and HFC- 134 form azeotropic or azeotrope-|ike
conposi tions conprising 24.6 nol e% PFC-C318 and 75.4 nol e FC— g;l at -30.0
C and 10.35 psia. Fromthese data it has been cal cul at ed t gptppeecd? ang
HFC-134 form azeotropic or azeotrope-like conpositions conprising 23. 2.

nol e% PFC- C318 and 76.8 nol e% HFC- 134 at 80C and 32S.8 psia. 35
Accordingly, the present invention further conprises an azeotropic or
azeotropel i ke conposition conprising from24.6 to 23.2 nol e% PFC- C318 and

from75.4 to 76.8 nol e%ﬁﬂﬁ@nﬁ&m i of ageutiopelike oompesitiongeonsisting i ng poi nt of

0F 44973 PCT/ USoo GO §ﬂ§8?€$?@§gl|\951 Sl Dyent? oﬁ%&bf%&oﬁﬁ@s been { ound
et ;zzﬂmf@“?;gggggg’gzxg?mﬁ o poe o -
0 g o 0!
s;as

it has been cal cul ate t 134a"Torm azeotropi c or
azeotrope-like comi’étﬂit?l 887z 9.9 nol e% PFC-C318 and 9Q 1 nol e%

HFC-134a at -30C afb? 12 r@éiivann éz@dfhﬁebﬁsﬁcdﬁﬁz’totrbpdim& dvpspositidvhCal @t ed t hat
a

PFC- C318 and HE f.orm az i C or,aze e-li.ke co |.t|ons

conpri sing O. Q#ﬂf‘ ?ﬁﬁ%a%@“m‘ﬁﬁ#‘ﬁﬂ A\l 4%%' M147 psia.
Accordingly, mbhmpﬂmmmstremntl on further conprises an azeotropic or
azeotrope-1|ike conposition t o conprising from9.9 to 0.6 nol e% PFC- C318
and from90.1 to 99.4 no S|t|on havi ng a boiling

poi nt of from-30C at 1228432 N PRAW: ingly, PFC-C318
and HFC- | 52a have beéhgim;mthhyatidmagmnsémdnsnnamntspmanllm tavrbesed
azeotropic co % PFCI5 C318 and 76.9 nol e%
HFC- 152a at Og 3 %&iﬂ& SI a. (?fot?ng %g%né %sg it has been cal cul ated that
PFC- C318 and HFC- 152a Fi&? i agraphicab prpeesefptation s ap ggrotropik and azepeenerlikens

conpri si ng 22.cémpaditsh d%‘ﬁﬁisﬁ&]&séiiﬁdll? of BPQroB e8and HCESA24 af a rerpbrafiitel 19 psi a.
From t hese dat0§26 has been cal cul ated that PFC- C318 and HFC 152a form
azeotropic or aZeotrope-like conpositions conprising 21.3 20 nol e% PFC- C318
and 78.7 nol e% HFC- 15¥Fig his agyaphigadi repregentation of ap ezaottppig Ryd azepieopsrldsent

i nvention furtb@pos;mdn&eﬁn sehfigiy 6FFCCO18 a7 FREFONShd X9 16RpR ARt | ON
conpri si ng frg to 21.3 m)l e% PFC-C318 and from 76.9 to 78.7 nol e%
HFC- 152a, sai corrp05| tion having a boiling point of from-20C at 19 psia
to 80C at 349 psia. 2Fighisargseaphical reprrsentation of e azeotrepin and speetmriedike

di stilling m xbipésiticiostRkistng @sdntith ol 2091 84nd BPCI139 G tefpéBRSEof

hal ogenat ed i @p@sl ties under conditions to formsaid | ow b0| | i ng azeot ropes
conprising PFC-C318 and said inpurity, and renoving said azeotropic or
azeotrope-|i ke conposFig bis azgsaphical ripeesértdtionef pn azbotropic andoazeotsapietlikat i on,
pernmts some @&ﬁf&ﬁl&fcoﬁﬁﬁﬂ{gaésbéﬁﬂaﬂ)} of PFC-C3 {BardCHPOA 342t 4 tdrifidtiley - BY
azeotropic di sh ation*is meant a process in which a distiliation colum

i s operated uﬁ ‘conditions to cause an azeotropic or azeotrope-like
conposition to form EimbiShegripiﬁoahtdpmsemdtim@@imeteatrgﬂsandmemedpaﬂikee
volatility of cahpé RSB EIRANEN of FFA09] $a{d BFC153 Wb dhfgfufeonponent s
may be separat g&é)y di stl IT'ation. 35 For exanple, a m Xxture conprising

PFC- C318 and | 24 can be partially purified by using the aforenentioned
azeotropi c conpositions. A di sDENALEPDESCRIPTION be operated at a

pressure and tenper at ghe pleQert ekt txh&*f%'l’gbr@3ﬁztﬁﬁ%ﬂﬂ el \r/f\téio

all

PFC- C318 and HCFC: 124 tq form ,an r S/ 44973
PCT/ US99/ 0481 &MBuritiss By dmpurifiesés m%w@%%@mm@ mt he
distillation @318nBy shﬁsmhal;cﬁasmbmmmny-@inem:ﬁemItha8t11erPFChe3n‘a rst mxture

n an azeot FE§ ekt E%Eer#ﬁ%ﬁﬁ%ﬁ%ﬁsﬁ%* g JBpif e, "o 10
condi ti ons, oy (ppem)refsrablyrlessdhanchprrem. ard mog prefesally dess eam upon
distillation q{antlbg phrtd-pdr-billivh sdlar tycqr)ﬁgr;ﬁ.ﬂadddon in the

bot t t d d th

P rst i xt ur o R G PTGt ﬁéveaﬁ%rrﬁ%ﬁ%f@ﬁewéw&eéﬁfﬁ%@ﬁﬁ%%egr i 5 removed

as an over heathaatlrppam,fand mdré preferatily lessthaw H0QCppbmyof ingomities. sMa}yucnl‘ t he
trati t hat i

o et r opi ¢ TitodSHar g b fsclt 8 il Rlsuctfocfibcrudfichs) o el fn A RS 10 11

distillation conditions, a HCFC-I 24 product can be renoved as a bottons
stream upon distillation of the first bxture with the PFC C318
concentration in the bottonms streamreduced conpared to the PFCC318
concentration in the first mxture, while the azeotropi c PFC C318/ HCFC | 5
124 conposition is renoved as an overhead streamfromthe distillation
colum. Obtaining PFC-C318 with the concentration of HCFC-124 in it reduced
corrpared to a f| rst PFC- C31 S/HCFC—I24 mxture (or obta| ni ng HCFC—124 wth
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distillation is useful for partial purification of the PFC-0318 or

hal ogenated inpurity, it-is difficult to obtain high reco effic §2cy of
- substantially-pure PFC-C318 product fromthe startin PFC rﬂ%ﬁc#é’ at ed
impurity m r 35 azeotropic distillation. Further, such azeotropic
distillati oﬁé’gﬁgfg%\{%ften do not provide for renoval of ot herPGHPPO1ES
that do not formazeotr i,.C .CO tions C 5 Sept enber
2002 WO 991 446738 profnes ¢’691%9ng 'A%ﬁ‘aﬁ’ﬁlé? 'g}“ ’ccﬁ'é‘”b"r"f%eq’l%?%‘@énat ed

i mpurities fodndtepies Rir@ligks PoritydhEfRrodesy Gaxl, Midre Magadina A prid[1998,ve
volatilities h C318. Such hal ogenat ed
inpurities i nE:bP%hmﬁ%Eé&a% h%(%% ggd%%b%&ffﬁg 2 CFC- | 14, CFC-114a,
CFC-217ba, HFGC- 227ea, PPIcessssusssp proguce E§%‘é 8 mpysimitancously proghse 4,

CFC- 114a, BFC*vllﬁétﬁﬁﬁhzﬁﬂgénEt%ilmﬁxﬁmas‘ﬁthlﬁlPRG-CGIIaf)l}oyu@rsﬁ&rﬂﬁﬁkmmbﬁﬂause t hey

frequent !y apReRekaiARGRALI Rk DS, KARTWIBPFC S RBSh Ao WAgRed 0 several

t housand parts-p 'oceéss streans.
Separ ati ng thee@U4edwam‘|amﬁ@sclfCr W@t%mlﬂww{?dmwf@@éhmﬁépﬁ%ﬁm and

expensi ve di stchlolr&momaﬂ)ahymms)a PdtoéHlorafutrecasionk (HOBCSXt remel y difficult
if 1 o not i 18 | hlgh recovery

t | |
ef ficiency f ?f}&'ﬂmﬁ?rg?’lfqggb i Sldgog h%’ci’%v'gs\r,ﬁgfég %CTCB
unexpect edloy, ecxhmplePfFan @358 classys dfchalogenatedrnimpuudssncinde BFCy’iIf-K)ee fromt hese

and ot her hal qg&RAl §Gsé- @B““plex'ﬂ‘ﬁ&o&%aﬂﬁ%n%‘rs eﬁlf@qt”cha}fmunts of COWPOU”dS

that act in a nop- i1 deal nanner H"é%ﬂ# é fdone &Eéf%ﬁ ni’é

PFC- C318/ hal o SHAREPERtAns ssomersk PRl 3 iy (Gisénd daps; 3) PREt eaf t er

rﬁf elrz)lr:gdctéggsaswem(@,@FM=€§Q{1PI§$ 12 FaHEFR ve Ch Cltdl, g #F€-11Hd (WEE?tI I :cty ;)f

the - f Irs
G, 26N SerioRlscb ARl (PR (BRYIIERAY ?&’(éﬁ@g'ﬁ_}* R, bR,

m xt ur e under at| on con hat is

subst ant i ald y-FFe&CE» @5@8@%@5@?1:%5\1@&@8 Pdbals apﬁél:cpﬁ‘z? SRG1 i3 st
m xture conpr i(€OEMIRCHCF B2 2(CRH,) ACPgan CHALFNMCRA-y24 [HBCIOFNe pr esent
| nvent i on f“”x@@#c‘i%‘?{dcﬁ?%}ﬂfd)oﬁ%%sﬁ%é&ﬁﬁ aﬁffﬁﬁtﬁ% F&g C éf{‘gﬁm at | east

one hal ogenat l%!/: [ OCESSES TO I'stillation

of a m xtwe co‘riﬁa@rlﬁfz FHFC31%% (ﬁﬁdﬂhﬁ) dféndTed (CriplCHIE,) i F€A79ar esence of
at | east one qu¥[GHIFCFY %'1‘2252 OHeC Z%F{F@uzgmr(czﬁ ,CROME,$ &iF

ner cased, 2o 23924‘@&9%“?81‘%@*%@%@% (ORI ARty Ry 1<
agent. By ent r(&HCH pnd GHHE- 16%(%§Htﬁlany conpound that, when added to a
first mxtwe conprisi ngyEhGraiS8ing Qn@ﬁbﬁﬂ%ir@ﬂc bMBir&ﬁé—lﬂle‘%&ﬁﬁ&l s with

at 30 | east one o0 F l| oge [ ge the
Vol atil iy of HUPEF-ColEBak g P angery el Sy A PO ent 1 n
t he m xture suodm suvhtpreduet REGaCHBuln Qudicdnpyeticttba fomparcbtgpicray be

separ ated hy daza}&dpkmﬂnmﬁxmfpﬁét(tm u?cr‘ﬁ?iérétacr%f}@@lfé%ﬁ"@@F@Q%'& i's meant
an anount of ﬁéﬁ’ presence of

one entr Ing a . he.
PG G318 and HAFGY S TPt HEG - D B Blogsmiiey Jpauities PIPABFec he
hai ogenat ed i ndutihg the ;iyeolymasmtsmcm tideepessea sighdicanm@réblerPirColitdning
sufficiently to r ed
Trpur ty v om e pR IR PG e el bbbt Tt IRCELIATIE T,
effective 10 138s&diehiferndCBO- 1. 991 44973 i’ Cf/ US99/ 04818 anpunt rray vary

dependi ng g the presyirig mbv&ﬁemxeh@asﬁﬁﬁmwagte@m&ﬁnbovcg as the change

inrelative vol By extractive distillation is
meant a pr oces%raf f?l*%ﬁvfﬁﬁ% gﬁar&#ﬁ %hs(&éﬁt"yfgrst‘H}"I“SEfdﬁée&o‘é?eJa # Apper feed
poi nt of a di stebult oftaipurificasionpcesstae n 8HE-GH 8 podurtcubstantiabigdieeiofigt lewspar at i on
is introduced @‘{e};am%e&@émmpgﬁt pref erably a relatively |ower feed point in

t he columm than the pqgint at ich the entraini.ng.agent is introduced. The
entrai ni ng agent pass %OW%QY@a@ﬁeofrpgwanSlgggkﬁ & A SO0l ur and
exits as as3tol boilinganixtwesf storaramre\tdnipoomds that bekaves asapoecorhpounfl. t he mi xture
to be separat egne Y loehhflct:fife AERHGE HhpddiforS O iHaPib VAgbr PGRbea B | aSt

one

partial evaporation or distillation of the liquid has the same composition as the
_ liquid from which it is evaporated or distilled; i.e., the mixture distilis/refluxes



O of the conmponents to be separated becones relatively either nore or |ess
volatile conpared to at |east one of the other conponents in the m xture,
with that nore volatile.conponent exiting as a distillati &Seenber 290ér head
stream Ent{ﬁ%@mﬁ@i agents that are fed to a distillation colum at a point
equal to, or g ar than, the m xture to be separated and tﬁﬁT’UB?@é’s'&om

t hrough the col um thus. engblin 15 separation by distillation, are
herein refer r%‘&‘@&%@"é&‘?{‘%&k‘?‘\ﬂg- gf’%sf‘?“lt'l?’gﬁf‘% FOmBRYHQDS gre charartgrizednt .

Furt her def i rasrageotropicpvhes drey eghibit aithier u eastimsir bt afrismpboiitegsint} 4se pr esent

i nventors hay [ r X [rpurities
FC 31- 10, FC°%§%§§%@éﬁ%é’iggan %“%gm%%@ﬁ%ﬂ%%bﬁﬂk HCFC- 124a, CFC
20 114, CFC- lAmatropircomposiiions piealso shasadierized by g aminynust pet mpximygerat ed
conpounds st hahe ftule &afdresciire telative B e CapbB peedfiirebNihe gedt CH1PSRARY be
separ at ed froarp %?is k& Q%%-,ﬁeby the use of entraining agents in an
extractive diseiPraN on pproce‘ss. Suitabl e entraining agents that may be
used as extractants fBirazeeteopsdikaismeasha edmpsgiogsha hag pennstanshwiling ogenat ed

i mpurities i ngatad@ristRld?QNEndercy bCioTnREonatd §ifRR VoRinglty dveaKiBANS, and

hydr ochl or ocaf,bons. lﬁwtabl e. entraining agents that nma Htf?g used as ’
extract ant s ﬂ%hef‘ﬁ e SERROSIHRD S {hea’ﬁpﬁgfr'%ﬁéﬁﬁvs ?/gs’ﬁ\é? ?"‘FEVItﬁ%g poi nt's
of from 3@ C sameR®0heriginal lighid compdsition. iDwcing deilingtor evapdratibmtbenliquidF) , |

, 4-di oxane anddiogitiby it RERBES 2 it thAmkeSBRIPYS a hidifdaPooreyldible@kil. (MTBE) .
Sui t abl e ketopes incluge acetane and t%eég{%éﬁtone (MEK).. 30 Suitable

ai cohol s i nclYYH&zeaueResliks commpasipion,ssnalsp be y&hesee Bais i ncl ude
t ol uene and cadjdcedten dreanaxSuirh abinénifhytirapst ppessarariba piot bhaimpdeitioh| or of or m

CHCl,). The i Nl I | ogenat ed
i(rrpuri % ies f r%ﬁ{;ﬁ%{s@ﬁ%{y@%xw a?talg %gazﬁ?é@f‘i‘ﬁ%gmﬁhéﬁgﬂmp, gNEK and
1, 4- di oxah®. CFHRPORtHI; thecapenogitipn. Arompositigns pzqogperlikeid afiepahout F@s
ﬁolrrpar edt tg SweiPht@efodiiofiah ofififalddmpoaorDk ebabotht@IdrauERHN o profas at he

al ogenated i

urity diffjcult to s rate fromthe PEC- C318 by
conventi onal %F*gm@’cgmpgﬂ?foq,ﬁhﬁﬁiﬂgﬂﬁg%@gﬁgﬁleoqngg{a‘ f"éﬁ%‘fsggﬂg‘gg\ed extractant,
the vol ati | i tipmafirRROMpRIIBO ismoingire iy akdvah gesght’orapd typirallp no ere
af or ement i oneflabMoud®ARip8Hs kdIRINE itd he Srigihibdmpbsitibhie 5 Sept enber 2002 WO
991 44973 PCT/ US99104 8188,r_esence of a%agélog of the extractants, the

f
PFC- C318 flhy be separ byling;azeotrqps OPF FAPPHHHMUAY hal ogenat ed
i npurities ancbngissision duit balsat plowdttmpsmbst atrany ghven pfasswe tifan sy chehal ogenat ed

inpurities. T, iﬁﬁ%m' j i : j ; renovi ng

PFC- C318 fr ommgfé al o%getﬁ%t? g@bﬁ%%ﬁ@g gé&%/%gggglgsgﬁ?@g%&hal ogenat ed

i npurities asAHePMElIURL IoWrhatling sZeARopIe i AZAOMPG CUIRPASHIOPETINGAA Wt h t he
exception of cmfosition et hgertagirtvipappressitecs asyigivedeniperatiite ftidn thehe

hal ogenat i it C l.af | C-C318 in
he preoenbe TPU el df A BIRCArGll bripBRTh SN B aeudAILC P2 Cd e
of the 1 o extePaatchhaye apthettempegatyighst anti al | y-free of hal ogenat ed
inpurities may thus By Rgh-dbilag aistrofe ien{emcthdmaaﬂa'o%bilcloahz‘eeméml um

over head stre Wth. genat [ i.tles recqvered together
oTTh the oxt r 88 cofbdstbh Bol2F » BRAAERR Sk TR bibdstBrels O ) D
present i nvenef thaicdmpounds thaiwemprisedt wauld sepacaidly beil astbpiaressiag ~ 5 PFC- C318
and at |east ARemRAblySHY Bighdbiigg ARbRebe iSRIantlahP azeofBPR b #eBBopedike CONtacting
a first mxture conprisi R% PFC- C318 ‘and at_ | east qne hal oqﬁnat ed inmpurity
with an ent r af9TFRASHQR AN heS 4 loWErNaROTRIESSHA AHATYE1YSR ICTRTayre)thaf AYianE | g ¢ he
second m xt ur ef thecompmadethatrvgmarist is tvohld aépasately hhvenat tioay erdpeeathire.t r eam
conprising PFC- C318 LSt d i { conpri si ng
entrai ni ng agent 20 ?ﬁ%pg)tsg"lgréﬁls‘%ﬂagd%lgﬁﬁeaﬁ%gér%ﬁg‘g&}%ﬁ%;ﬁ.%nl n_contrast to
the ot her af ofUPROSHICB A& sybsiaptally condant-bpiling migtre thitmayappear upigrch | s

nolr nal : y hf] ghﬁfggyg@égdi?péﬁmhrg @SEﬂﬁ%Bditi&;srqhﬁMl bgieveaberiteis even nor eh )
vol atil e than - n_the presence e r such t hat
the PFC-31-10 nmay be 595%1?%‘%%’ ‘ ?Bar?mrl%‘fhdeegﬁ"lf‘tcfiséﬁ%"eﬁégéﬂﬁgﬁ’tf?’g‘é’?ﬁ% 25
distillation col unbecause thedermn Szeatrons” iiat oncpbathdsfimitive prrd mitatiye) apdf r ee of
PFC31- 10 obt ai ned RguiRR eBédtiv@ainbtiRts Bf thbdeltiv o RdrE@IMPBandi b MY stream Thus
the present invention further conprises a process for separating PFC C318
and PFC-31-10, conprising: a.) contacting a first m xture conpri sing
PFC-C318 and PFC-3 | -10 with an entrai §ing agent to forma second m xture,
and 30 b.) distilling the second m xture and recovering a distillation

col um over head stream conprising PFC 31-10 and a distillation colum
bottom stream conprising entrai ning agent and PFC-C318. Figure 1
schematically illustrates a systemthat can be used to perform aspects of
the present extractive distillation process. A first mxture conprising 35
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5 Septenber 2002 WD 99/ 44973 PCT/ US99104818 fromthe colum is sent via
conduit 4 to condenser 5. At |east part of the condensed distillate stream
-is returned to the column 2 as reflex 6. The remainder of S FRPIRBPRIANIE d
distillate is recovered via conduit 7 as FC-31-10 product
subst anti al wo99r4d¢¢930f PFC- C318 and THF. A stream conpri si ngPEFOs®am8isand 5
THF that is substantially-free of FC-31-10 is renoved fromthe colum 2
bottoms via conduihiqfie dtfipositionlof nfagerovsitiechndr Juoadamboilibt er natel y, the
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-30.0° C and 10.35 psia. From these data it has been calculated that PFC-C31 8

and HFC-134 form azeotropic or azeotrope-like compositions comprising 23.2

mole% PFC-C318 and 76.8 mole% HFC-134 at 80°C and 325.8 psia.

35  Accordingly, the present invention further comprises an azeotropic or azeotrope-

like composition comprising from 24.6 to 23.2 mole% PFC-C318 and from 75.4
to 76.8 mole% HFC-134, said composition having a boiling point of from -30°C
at 10.35 psia to 80°C at 325.8 psia.



45 In Conparative Exanple 2, the nunber of colum stages and t he reboiler
heat duty are both doubl ed corrpared to Conparative Et<arrpl . In spite of
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variety of I npydlatilite of KT he OmPorentid hifotRérQGEthatthése @bMporfeai¥adydel Ve

Exanpl e 6.7, 8, s?cparated by distillation.

35 For example, a mixture comprising PFC-C318 and HCFC-124 can be

partially purified by using the aforementioned azeotropic compositions. A
distillation column can be operated at a pressure and temperature to cause a low-
boiling azeotrope comprising PFC-C318 and HCFC-124 to form, and the



In Conparative Exanples 6, 7, 8 and 9 a stream conprising 394 pph PFC- C318
and 606 pph HFC-134 is fsed to a distillation colum These %r di éﬁlled
. using the variety of coaditions and with the results showA eﬁte@iﬂ
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DUTY( PCU HR) @915%75(31-‘0-342 Sz Bhlidr itté ddtRdtion conditions, a PFC-C318 product
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0) 39, 4PFC 3 %@éﬁé oL b Fahed 3 oA L AREC oo,
20000 900. - sBgtilvion egjermma0€on@esth) ifBbGcanc@radorpaf HCHGA 24 irpths figst 39. 4 24. 9
nggf{gg/ Ofrng é8rmx119'c ré&cr%haxﬂtﬂat?i a:? azeo fr(%p iS¢ oZm%é} c3m3r?su7g Pﬁg 8 3802060120
39.4 24.9 35 4(231 815’1131% lgé ?Wﬂ ugder th 1sti atnon con mons a?—l&g C- 12} product
39. 3354. 639. 3G .bé rekhoved@s 7 BOttAROstréad .upar dis@ltatidR 4f Gie first mixture with the
PFC-C318 concentration in the bottoms stream reduced compared to the PFC-
C318 concentration in the first mixture, while the azeotropic PFC-C318/HCFC-
15 124 composition is removed as an overhead stream from the distillation column.
Obtaining PFC-C318 with the concentration of HCFC-124 in it reduced compared
to a first PFC-C318/HCFC-124 mixture (or obtaining HCFC-124 with the
concentration of PFC-C318 in it reduced compared to a first PFC-C318/HCFC-
124 mixture) in a single distillation would require starting with a composition
20 higher in PFC-C318 (or HCFC-124) concentration than the azeotrope composition
formed at that same temperature and pressure, but some portion of the PFC-C318
(or HCFC-124) would necessarily remain as the PFC-C318/HCFC-124 azeotrope.
Where formation and distillation of the respective PFC-C318
azeotropes (e.g., PFC-C318/HCFC-124; PFC-C318/HFC-134; PFC-C318/HCFC-
25  124a; PFC-C318/HFC-134a; PFC-C318/HFC-152a) are employed for separating
PFC-C318 from halogenated impurities, the resultant azeotropic PFC-C318-
containing compositions are useful as feed streams to a thermal process for
manufacturing TFE and HFP. Alternately, the PFC-C318 in the distillate product
may be separated substantially-free from halogenated impurities by the extractive
30 distillation process of the present invention.
However, although use of said azeotropic compositions in a
distillation is useful for partial purification of the PFC-C318 or halogenated
impurity, it is difficult to obtain high-recovery efficiency of substantially-pure
PFC-C318 product from the starting PFC-C318/halogenated impurity mixture by
35  azeotropic distillation. Further, such azeotropic distillations most often do not
provide for removal of other impurities that do not form azeotropic compositions
with PFC-C318.



As may be seen in these Conparative Exanples, there is essentially no
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separated from said PFC-C318 by the use of entraining agents in an extractive
distillation process. Suitable entraining agents that may be used as extractants for
the separation of PFC-C318 from these halogenated impurities include: ethers,

25  ketones, alcohols, hydrocarbons, and hydrochlorocarbons. Suitable entraining
agents that may be used as extractants in the present invention preferably have
normal boiling points of from 30 °C to 120 °C. Suitable ethers include
tetrahydrofuran (THF), 1,4-dioxane and dialkyl ethers such as methyl tertiarybutyl
ether (MTBE). Suitable ketones include acetone and methylethylketone (MEK).

30  Suitable alcohols include methanol and propanol. Suitable hydrocarbons include
toluene and cyclohexane. Suitable hydrochlorocarbons include chloroform
(CHCI,). The preferred entraining agents for separating halogenated impurities
from PFC-C318 by extractive distillation are THF, MEK and 1,4-dioxane.

The relative volatility of said halogenated impurities compared to

35  PFC-C318 in the absence of said extractants makes the halogenated impurity
difficult to separate from the PFC-C318 by conventional distillation. In the
presence of at least one said extractant, the volatility of PFC-C318 suprisingly
changes compared to the aforementioned halogenated impurities. Thus, in the
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Figure 1 schematically illustrates a system that can be used to perform
aspects of the present extractive distillation process. A first mixture comprising
35 PFC-C318 and FC-31-10 is supplied via conduit 1 to distillation column 2. At
least one extractive entraining agent, e.g. THF, is supplied via conduit 3 to
distillation column 2 at a feed point higher in the column than the feed point of the
mixture to be separated, e.g., PFC-C318 and FC-31-10. The overhead distillate
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PPH) 4282. BOT1 103 PPH) 9369, 20EXTRACTANT RATE
EPP::?) 9369.'EXT N’flo(f |9 ‘HF%}‘&‘%%E@BWF@ Exm@w ERFANREEED TO
STRI PPI NG COL Wiyt kdMBE R DABAR&OE-cORibth. ( PPH) 980. PFC- C318 ( PPH) 9T5. C, F"

PPH} 20. C, F PPH) 0. ONC, F"
(PPI WT) 20000, 300 ?éé%ﬁ%%?g@t@t%qhﬁét&éf R e Mo R Tes TR PP NG
COLUVN DI STI L IPRFESECIBEnOmmRauabepof o aterp sriastedamaer gfahes . 35C, F, o
EEEII:DD (2)01(7)C F, distiRRdncolihdkfEa KR, n(idbéd)of sdpafatidivstages in the column,

( PPM MOLAR) 1. %@%ﬁg %‘:{‘%ﬁﬁ é{iﬁ’g g&@@’%@‘i@?ﬁﬁfﬂﬁﬁy 88 ToBxTRACTI ON
COLUWN BOTTOVEST#) psia, N@madmjw wamtm%ractam agent
(PPH) 975. PFC- @eh&até IPERhl 1B CheHfedd &B%ﬁ)& Mttt fo, Ue, separdtidt asR 4 En&é’azq R.

( PPH) 9368. EXTR extr act
G ot} LT aci on gp iRl dte prodied R e iaed i oo SOmPRRIY s prc 210
product subst deinga¢mhgvedr ncreafing)be mefloxFatee mompaliheesuftsfin eﬂcqreas@dant With
Qlogrgr r echﬁ% Oeﬁfridﬁﬁié g&wnﬁmﬁ e chlfstiftd Gireanl. %glgg%rén f{?e@efit&ﬁrﬂ%@t ream

i sing - uct is
obt ai ned corrpr’f“g%ﬁbﬁ‘?"eincg 6%%9’3%’%3‘%?@“’0% 'ﬁf‘p‘r‘?ﬂ‘? '%QXD‘FEPC%ES recovery
ef ficiency of aijacerPkh€3diBof tRBcolurbn, Sepdrmathye suffiCienn tMtDbQ@hMEy'mlly

PCTI US99/ 04518 ol oAR1Te BlaPis AR HomP L ol IS AELE Ny St i1 i on

and strlpplng st eps urifying a d cont ai ni ng
hal ogenat ed | n‘ﬁ‘ﬂ?‘?"@‘i’@s"e%f?ﬂr‘?%‘i higye thegiesiredrafiux yatre-by parial copdensatipBa ~ and
PFC- 1318ny3p The ext ract\mntreMﬂ@nsmEU—tﬁs shiisblforp@dication Byithe brasantr ecover ed

as extracti ondg%q g di st |t1 ena‘t“éa‘%‘t agrtd}.acbuégpgoecgssOrs&éeqh%tb%cpal ogenat ed

(8]
IITpUI‘ItIES an eh are recovere

a
extraction comrsnnmcm%c@g&awammgnwum RACeCTHmmay, ferexpopledhss st ream

tﬂen sent as f;@@dixc%&bﬁp%rysﬁlaf H@F@izﬂmten?'alf@y She Pmcm-&mﬁanﬁﬁgum regoves
e organic inmpurities Trom t ani c i overed as
the ot P1 pbt ng BB b o he marie g praetsyin it RECE ARG ot um
bott ons t hn rdesiyesite cecheerisaitl ®FCHE3 from sdid processl [findesid, emvemgionant f eed.

TABLE
9I'5

distillation can be used for reducing initial amounts of halogenated impurities.

~EXTRACTIRHN te sy Rpgventional distiliafion can be used for removing refatively large

or bulk quantities of halogenated impurities from the PFC-C318-containing
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STRI PPI NG COLUWN

t1 STAGES 72NSTAGES4220EXTR FEED STAGE40FEED STAGE25FEED Sy%ﬁ’%%%
TEMP(C) 7. 4TOP TEMPERATURE( C) 11. 3REFLUX TEMP ( C) 7! 3REFL (O
8. 62SDI ST gpé@ 3Dl ST. TEMPERATURE( C) 8. 6BTMS TEMP( C) 86. 3BTNG
TENPERATUREF R FEED TEMP(C) 5. OFEED TEMPERATURE( C) 877 fFop04818
TEMP(C) t 0. 530TOP PRES( PSI A) 24. 7TOP PRESSURE( PSI A) 24, 7CONDSR

PRES( PSI A) 24 Miierghat ippirsmaiep8e Rjosassogimascasdgnce pih yepreseptrvs

PRESSURE( PSI figv2fitiviepr&delsdek £ok fre daddrin(ghntp 8 fidyld I0-CBATE RATE( PPM) 6. 235REFLUX
RATE( PPM) 5000. REFLUX RATE( PPM) 4274. BOTTOVS RATE( PPM) 7995. BOTTOMS

RATE( PPM) 7989. EXTRACTANT RATE( PPM) 79A9. EXTRACTANT

( LB- MOLESI HR) 110. 840EXTRACTI ON COL BXRAMEEESTRI PPI NG COLUWN

FEEDFLONSEL ONG- PFC- C&k@fdlBRMéQi&&nﬁl@EQereﬁ%’MQ EChspedtd 4f hePM) 1. 0CFC- 114
(PPM) 1. OHCFG- 124a .( PPM 0, 200E. QLHCEC: 1 PYLG, §206 OLIRCC. 21 7ba

(PPM 0. i OCFCP ?‘f‘fﬁé yossweaEnd “‘;‘1‘?9& biesBES!

( PPM) 0. 200E- GMExtien. Wmmﬁmmqsmwmwmwmmmamp

( PPM W) 1120 &ﬁ%@?&dﬂt@ tfﬁ%&ﬂ@%@ ﬁﬂez e%cl?aa&)gls b8 Bt Folde © 10 1S 20
25 30 35 EXTRACTI.ON DI ST LATEF PFC- PPH) 993. 9EXTR.
(PPH) 0. 678E- e el AR UYRES i esimpnbd piaing

( PPM MOLAR) 0 caﬂﬂﬁemmydaaxsmgammm@n%@n@mm h@ingmize the

(PP MOLAR) 0 POD BB e cie T N edilles eGP, s ngfuce
9% 99. 999900 Prendeyse apt-robilerpwith the gpndsyses goymsedrastreeNe oLl
BOTTOVSFL Q/\BEEﬁnﬁﬁi&ﬁ%&w@%@xﬁ%ém@oﬁn&ﬁﬁo&m BPh) MolR29E=- 01CFC- 217ba

( PPH) 0. 10PFC, 13 PP 2 9 er 2002

PCT/ US99/ 04818 %8% 'Héi’ﬂ Rﬁﬂ%ﬁ?f’ﬁ&%gﬁéﬁ%g&ig %@E&?}b

( PPH) 0. 10EFCconctapftigns mmsz@mﬂpmp@emdmwﬂ)mmwmmwom 990E— 01PFC- 1
3%—?%2?’['6% FC gjlmﬁg@ Y E 1% a"td A penoillion by -eet pm'4a( PPH) 0. 20DE
- 02CFC- 217ba(EBQ étﬁﬁ )f§'_’t’8ﬁit’(cfﬁﬁﬁ)‘ sef QERYtANL0 %E9.  Exanpl es
34 - 40 Tabl ef chttdlaﬁoxsmtmmsexacmﬂrssedoﬁ pch/ﬁdmpepctu/lsxandapressmes sol vents for
renmovi ng PFC- Gy mxﬁfgsﬁhﬁt éuﬂdaaésg,qﬁagﬁtcﬂ%g@tttgpfsgwmf& 134. The

seven extract ants i t he Ive to | east
ef f ect i ve¥f orvatugeamp 0613‘1‘@# the pesail §‘é‘§‘aﬁ°§f"i"b‘?9tmwst(tp'fmgs)ed%p%e effective
defi ned by tt{bBES"lT"ﬁqudmsag(‘lGﬂmDSR‘Ql efluk (REFLADE’) add tep (TRARYQNt required to

D oace 0. L, ARt sbln Wif A b3 BB AR i @b bl o, the

order from" Ive 1si 1 rofuran
(THF), net hylCEEEDT) and penextasentfed iohegalumef mrvym FX KTREERED' ()NH‘BE)
met hanol , t ol thesd Examplds, MQ&M@Z& fﬂcrent::heRmmnem "9is thémat e ipereiticdn sol vent

Lhe PFC GI1 e 6 RN B ol bl 1 LAVl i b R37h ARyl St 318, o oduct

substanti‘all y ree 0 exuact ant Cl134 is
recovered as the extractive di stl I I at| on col um bottoms along with the
extractant. The extractive agendmpdrstiveExasplegy23hen optionally be separated
fromthe HFC- 134 by distillation or other nmethods. 40TABLE t oEXAMPLE
NUVBER34 353637383940EXTRACTANTL, 4- Di oxane

THFVEKMT BEMETHANOL TOUhENBRRERANEXapEEAGESEEh 5.20ARAB EMRitingFISORPREED STACES

TENR(C) 7 s at M B e - Ml i fogm e 50

distilled using conventional distillation under condlttons such that a PFC-C3

product stream is removed from the column as distillate and a C,F,, product .
stream is removed as column bottoms. The specific conditions of and results from
the distillations are shown in Table 1.

35
TJABLE 1
COMPARATIVE
EXAMPLE NUMBER 1 2 3
40 Extractant NONE NONE NONE




45Sept enber 2002W0 991 44973PCT/ USQ9/ 04818BTMS

TEMP( C) 30. 331. 143. 129. 0t 0. Ot 7, 721. 8EXTR FEED TEMP

(O) 5. 05. 05. 05. 05. 05. 05. 0FEED TEMP(C) - 5. 2- 5. 2- 5. 2- 5. 2} 5. 2. 5 SePiember 3002
PRES( PSI A) 24 724 724. 724. 724. 724. 724. TOONDSR

PRES( PSI A) 2§”.°7§ﬁ‘.4 4.724. 724. 724. 724. TBTHS PCT/US99/04818
PRES(PSI A) 27. 727 727. 727. 727. 727, 727. 7D, STI LLATERATE

( PPH) 50. 050. cﬁéég"@%ﬁ%o. 350. 050,401 OREFL T

RATE( PPH) 300. 300.3d0. 300. 300. 300. 300. BOTTOVE RATE

(PPH) 2245. 2156ra38am2 780. €48. 3540. 47767 BXTRACTANTRATE

( PPH) 1295.5120fis1.48@. 1830. ¢+08. 2508. 3826. EXTRACTANTSLB- MOLES/ HR) 14. 716. 719. 92
0. B24. 928. t 631$ SBEEDPFC- C81L8( PRI 50. 50166. 50. 501359, 50. HFC- 134( PPH) 950. 950.
950. 95D. 950. 9FED IBF. EXTR. (PPH) 01905 0. 0. 03®50. 20CONFES| TI ONPFCC3t 8( PPM WI) 500
00. 50000. 50000. 50000. 50000. 50000. 50000. PFC- C318( PPM MOLAR) 26144. 26144. 26144
. 26144. 26144, TOBPRES 26144, FPRTRACH DNCOL URN? 24.7

DI STI LLATED 5 PRNOSR3ARES ppH) ¥ 18)d5%F- 0050. 085F. 0050.34050. 0050. 00HFC- 134( PPH) 0. O
10. 0t 0. 010. 019 FBEDt 0. 01ERTR. (BPH) 0. 12474 0. 348E2 1 0. 293E-1 0.t43 0. 307

@)
0. 159E- 3 0. 544E: |
BOTTONS30FL Ot %%ﬁpwﬁ%%@ooooﬁd Q0197 2504.90. 00019

0. 000190. @901, 1034 PPI—Q,&ﬁb. 95f8. 950. 956, 950. 950, 950. EXTR. ( PPH) 1295. 1206. 1
432.1830. 798. 2590. 3826. COMPCSI TI ON - (val ues excl ude

ext ~act ant ) 35¢UNGENSERL B(1ivEHeb MR AR)3856k6. 10 .- A4d64s0. 10-4280734FC- 134(WI' 99 99. 9999A
99. 99998 99. ITEBIBERDUDOFOB/HBD. SEHBIB099. 9B99® . 99. BHV8HFC- 134( MOLE

99 99. 99999 99. 99999 99. 99999 99. 99999 99. 99999 99. 99999 99. 99999HFC-t 34
RECOvV. EFP0 (EEER00.00100.00100. 0D100. 00100. 00100. 00100. 00 40 Exanpl es 41.
42 Table 11 shé¥¥Spoth the operating conditions and results for Exanples 41
and 42. These E&fI%es EHBw an ¥tracti ¥&°distil{8tion with THF as the
extractant in ";%QIQ&CSP'&B ant! ‘HFC- 134" respec%“rvel y, are recovered from

a feed m x{ure GomprTsi g, A. 6 ¥ HFC (75.1 J e % and 39.4 w % PFC
45 C318 (24. 9 %@ﬁ::e % . ( _gﬁf,\ﬁ)e 8§erpos%§g%63h con%lgg,s_es t he azeotropic
conposition fornmed by I—iFC— 134 and PFC-C318 at the tenperatures of these

di still ation. codsmmasstalewn i n Conparative Exanples 6, 7, 8 and 9, it is
virtually inpogsdusl e to separate said azeotropic conposition of HFC 134 and
PFC- C318 BY cogefsisondPPHli sti | T99t40%0n. B®0-Exanpl ¥5-41 and 42, however. show
extractive di st%fd ati odP#si ng THE%as t h&-¥xtract&ff?’3enabl es the separati on.
| n Exanpl e 41, SPYROSTEAY 318 product 31 | 5 September 2002 WO 991 44973
PCT/ US99/ 04818 fretover ég "%:%{gi sé i 1atiof kol um stillate contains 0.1
ppnm t ot al,. i mpuUeLt = T3¢ ' THF§' nd thgrecovery of PFC C318

pr oduct i§5m)r%b°(c5ﬁ,5 o 0f the |!I#QC‘:-C31 1162 t he é?a% to the colum. In
Exanpl e 42, tbguliFGorsads product contains 0.1 ppmm PFC-C318, and the
recovery of HFGLOWw4 product is 5 essentially 100% of the HFG-134 in the
feed to the colreciwa1sTARRRH)I 1EXAMILE 180.0 5.0

NUMBER414200  .C.Fy, {PPH) . 19.40 20.00 19.99 ) E
XTRACTANTTHFTHFaSTAGES6262EXTR FEED STAGE4015FEED STAGE503015TOP TEMP ( C
)7 . 47 . AREFLUX TEMR Cdmparalive Erbriigle THWE PEC) T3 B prodithiirediNFom this

(P51 ) 22. 724, TOCRPRIAR i oo ot s el T 55 P10

(PSI A) 27. 727. #ilicBTry isamly aRoq82)PPH) 392. 0394. 2REFLUX RATE

(PPH) 1683 579 EXTRACT AN T e e o B Rraacy d the

( PCUI HR) - 4262 {ePoBgrheat E ¢ %?@W%é‘ig@’g%g&mfﬁﬁswo c318
( PPH) 394. 0394 oOHiCHHE3dsultiARHFE063 13406 0tailQdRESs Tha@rHRE3 pmm C,F,,,

( PPM- W) 606009, 960900 Dighleol eﬁf’é?Mg&@ﬁ%\B) 46082, 6750956. 6EXTRACTI ON
COLUWN DI STI LLATEASFLOWSPFC- C3 PPH).392 57*8394' OHFC- 134

( PPH) 0. 999E- 050. 01EXTR ‘{M‘B‘D{e%@gﬂp S thedigtiatioristhenaharelugmte

( PPM MOLARYO. @ppiBxintréRen (iRRMINMMARIRpa0kil2 BaZiePlel ll/Ehd the PFC-C318

( PPM MOLAR) 0. - . -

9% 99. 99999099%8‘}%@@@M@ﬁgﬁ@%g&%ﬁ%&gﬁﬁ %@2973
EXTRACTI ONCOLUMN BOTTOVBFLOWSPFC- C318( PPH) 2. 05

HFC- 134( PPH) 606. OEXTR. ( PPH) 1583. COMPCSI TI ON - (val ues

excl udeextract ant ) PFG- C318( PPM MOLAR) 1680HFC- 134(WI' %9 99. 6710 HFC- 134( MOLE
99 99. 83HFC- 134RECOV. EFF. (9% 100. QQ Exanples 43. 44 ) 5 Septenber 2002
PCT/ US99/ 04818 0.0 606.0 779. 0.10 99.99998 99. 99999 100. 00 In Exanpl es 43
and 44, a stream conprising PFC-C318 and C,F,o0 is fed tot 5 an extractive
distillation colum, where THF is fed to the columm as extractant at a

poi nt above that of the PFC-C318/C F,a feed. The operating conditions 'and
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PCT/ US99/ 04818 20 Exanple 43 is the same as the previous Exanple 22, and
produces a PFC-C318 product as the extraction colu bot t trea

conpri si ng PFCC318 containing 1.0 ppnm C, F, w th arpI;FC- Cs%?qpi%%%poz
efficiency % In Exanple 44, the extractant flow to I is

i ncreased cglfr(r)pgglr%é%!to that of Exanple 43, and produces a PF@@%@’%&Educt
as extraction colum bottons 25 stream conpri Si ng PEC- C318 containing 0.1
ppnm C, F, wi t¥amplsol. spltheeirthegecovery eiiciensy frcpgasssdq 9t BEE-GH 8Thi s Exanpl e
denmonstr at es préducestieainastill eonthina 83qiprmpCF,pr azeot rope 30 |i ke conpositions

bet t he bi i , i Sk t ~C> 318 and
Sl GRC 120 PG a1t ek GaitahR BN herh SRS By o™, " "
HFC- 134a; andyrpuvangenal gistilison asybgantmly-paredSFer Gl & predyckstegamypity o] at i |ty

of each bisnamyjptricévery Bfficiehoy fibrh kst wREansmibrising PFO-63 18 @das]Ef,e, for each
bi nary pair, t%e total absolute pressure in a sanple cell of 35 known

vol une was measured at constanig AREa% dsQf svarious known binary
conpositions. These neasurenenr';o—%e'rg'{e%’%ﬂrhr&#'es'dﬁ%ed to equilibriumvapor and
li qui d conpositions UsiGempartiveEramples dandSna mixturecamprsipg BEG3d 8neasur ed

}/erius the gcﬁﬁﬁ‘ﬂ&ii}d#ﬁﬂﬁé{khbhﬁbEiIW iBqhble Do fell RS @stlialiah Yolaws! §RE are shown
In Kl gures t I

[ h,.7 ti ly., [T 4 i t al t i nt
ot 01, e SRS Sk e SR e Bl 1 32,
cal cul at ed ugirodpct $teeahdbmpeiging PFEHC3 1Reis aemaved fromthe coling as dis@l]até-i gure 2

i1 1ustrates ghaRhhoahd ¥irddREcdnr¥i R infHuril £LRANAPICoftith BaeAL! ope- | i ke
conposi tion cQnsi st,ﬁngp essentéaal I %/ o% PFC—(gBéS .and H%gél%\%agt 20C, as

i ndi cat ed by HefPSGitle Eongftiongokpndafsyltgirom the digipiatiphseare HY8L244973

PCT/ US99/ 04818 PFC-C318 and 73.1 mol e % HCFC-| 24 havi ng the hi ghest
pressure pver the range of conpositiomsieat this tenperature. Based upon

t hese findi ngs;---t--has-been-cal culated-+-hat--an--azeotropi ¢ or azeotrope-|ike
conposi ti on CfoM2BATVEEXKSPLEPREBBA8 and473. 1 nol e% HCFC- 124 is formed at 0OC
and 24 psia, and-arr-azeotropi-c-or-azeotrope:=1tke--conposition of 27.5 nol e%
PFC- C318 and Exrastang| e% HCFC124 is foNed at 80€NMand 234 Asia. Accordingly,
the preseth ihyEES on provi des an azeBfropi c or?28zeotrope-1ike conposition
consi sting eSEENETAREIy of from26.9 t8%27.5 nol'é¥% PFC-C318 and from73.1 to
72.5 nol e% HGRE-lgét, sai dgconposition, having a pgiling point of from0C at
24 Asia to 80fralx wemd Psi@. 10 Referrigg now toy, gigure 3, Figure 3
illustratgs osephemal |y e formati onz.af an azegsropi c and azeotrope-|ike
conposition comsitesd Nng egeenti al |y of10P&C- C318 angl HCFC- 124a at 20C, as

i ndi cat ed by REEPNTRMAUr e of*C)22.4 nol e PRG C318 an®.%7. 6 nol e % HCFC- 124a

havi ng the hi ghest pressure over the range of conpositions at this

t enper at ure. WASRBES upon PhEYe finding®:7it has 3¥eén 15 cal cul ated t hat
azeot r opi &0 orc%ﬁoﬁﬁgpe-qpﬁw conposi t$%hs of 3F*7nol e % PFCC318 and 66. 9
nol e % HCFC- 193 PRES f or n€3t 0C and Y47 psia, affd” an azeotropic or

axeotrope-|i kf’éi T;%Atr'gg&:;of 33.9 ”Delo%.o% PFC- 3%%8 and 66.1 nole %
P 0

HCFC- 124a is and 229 psja. Accordlngly, the present invention
provi des ?p a%ﬁ Qe Ofpp@izeOt r Ope-| idge composjgyl on consi sting 20
essentially o rom33.1 to 33.9 nol e% PFC-C318 and from66.9 to 66.1 nol e%
HCFC- 124a, sagsdho@ed odivt polyukavi Ng a lysbdasNg pohftbesdf from OC at 24 psia to
80 C at 229 peeaiLeR@ier r (PogyHROW t 0 Fi ¢pssmod, Fi+guoweod il | ustrates
graphically the formati on of an azeotropic and azeotrope-1li ke conposition
consi stind0esEEEBtial |y 25 of PFC- C318 and HFC- 134 at 0C, as indicated by a
m xture of 25. GLYE| e% PFC C318 and 7S. 0 nol e% HFC- 134 havi ng the hi ghest
pressure over FRECPBARY) of conpositi o1¥8-%t thi $9%-@nperature. Based upon
t hese fi ndi ngs,c':gf't”‘has (BRn cal cul at elr® hag, an 1a%eot ropi c or azeotrope-Iike
conposi tign of géc_.;éf,:qol( /o PFCC318 andg‘f 4" ol &9 ¢'134 is formed at -30C
}ﬁg;é%ﬁf’fpi c 30 or g:zzgﬁt_g;,ope-ol_é g_d,%orrposi tion of 23.2

and 10 psia, anpd.gqn
mol e% PFC- C318 gidsiHqed MO €% HFC134 1's forned at and 326 psi a.

Accordi ngly, tRer RRAMREAEs (PRveIhi ON Pr oM des an (3geLetropi c or a~eotrope-1like
conposi tion const Ihpurgries Iesm-moakd)y of 141 @M 24. 6310223. 2 nol e% PFC- C318 and
from75.450 76.8 nol e% HFC- 134, said conposition having a boiling point of
from-30C at (RQUWSDESTIIAABDC at 326 psia. 35 Referring nowto Figure 5,
Figure 5 illustrates graphically the formati on of an azeotropic and
azeotrope-like conposition consisting eggsentially of PFCC318 and HFC- 134a
at 0C, as indicated by a m xture of 7.4 nol e% PFCC318 and 92.6 nole %

HFC- 134a havi ng the hi ghest pressure over the range of 35 5 Sept enber
2002 WO 991d4y7~ PCTI U599104818



conpositions at this tenperature. Based upon these findings, it has been
cal cul ated that an azeotropic or azeotrope-like conpositi of 9.9 nple%
PFCC318 and 90.1 nol €% HEC-134a is forned at -30C and 12 %$%Pte'aH€r%992
azeotropi c or azeotrope-like conmposition of 0.6 nole% PFC-C318 and 99. 4
ol e% HFC- 19%4980or med at 40C and 147 psia. Accordingly, PREUSPULEH

i nvention prOV| e an azeotroplc or azeotrope-like conposition consisting
essentially of ¢ o 0.6 nol e% BEG C318 gpd from90.1 to 99.4 nole
HFC- 134a, sai d gonppsi pr n having a btP'sLdE”& POigNfaepfesf rom -30C at 12 psia
to 40C at abOUtHC,J,j?z,;QS(Ipﬁ” Referring npWedeOoi JUr. Soob.o1Figure 6 illustrates
graphl cal ly therdeimatdeay of an azeotg episCoand pazeelpsope-|i ke conposition
consi sting essent-isdshy(pedfy PFC- C318 angl18deCesl52a.&doeG€, as i ndicated by a
m xture of 23. tommbE¥WNPFC- C318 and 76.9 nol e% HFC- 152a havi ng t he hi ghest
pressure over {Che ttang@rPbfolabnposi ti ors4at thi P-6enperature. Based upon

t hese findi ngs HCiG-14as(PREENARS cal cul%ﬁtéd t hat 387&otropic or azeotrope-like
corrpomtubso"%”a nigPYBLANOC3 nt777. 6 mol%¥ HFC- 152a is fornmed at

-20C and 19 psi‘gC” ’%Wgé %g |c o‘f °§’z7eotr0|cg *1°F€ conposi tion of 21:3
3 4g0C and 234 psia. -
oLk Y

mol e% PFC- C318 1ahd. /0.
Accordingly, tt}gc_%pgseri ention pr Vv ﬁ?" an @Zﬁ,@ésl}opl C or azeotrope-Like
% rom Z3.0b to 21. 3 nol e% PFC- C318

conposi ti @ COW& %Blanﬁkchp @s,;s Q}' al | ygeQ
and from76.9 to 78.7 nole% H C-152a sai d corrp05|t|on havi ng a boiling

poi nt of frontm_am:a etrods9 psia to 80 C at 349 psia. 36 5 Septenber 2002
WHAT xS CLAI VEBLoWS: 1.) A process for separating perfluorocycl obutane

(PFC- C318) $omPRedcatfenderdl i npurity, tenprising98distilling a mxture of
pertl uoroé9ycl olffitamne (PPRM C318) and h&l®dgenat ed-Phpurity in the presence of
an entraining d§Enf24eel®ed fromthel- P?fub7 corPsI‘%’Fﬁ‘ig of ethers, ketones,
al cohol s, saturc ‘fé&i“ﬁ F%‘éar bons and %3P ur at ed hi¥r ochl or ocar bons, and
recovering perf Eud?bag r%%ut ane (PFC—%:%’O‘T 31 cont gqoﬁloﬁg |l ess than 10 1 o
parts-per-mllion-nol ar, of hal ggenated ur.it rocess of claim]l
wher ei n pé? El uor ocycl gﬁ‘lfféh‘?ézo{“g -S@f!?)‘l‘? aP%‘béﬁ/‘é‘?’E%‘“"ﬁ'é’e Xamete 41 at i on

col utm over heds PRO-E318 is eaadvemtarsalusnllmg pagiant wizlnonip 80%gecvatycefficipaayi ty are
recovered as stream 15 3.) The process of
claim1l wher egﬂ&jﬁﬁﬂtéolnéaﬁ“g%c} rpurit lt?lg}"é,‘r%pecover ed as a disti]lation colum
over head stream and e!ﬂ@%‘m‘r%e &g@mleén@eﬁwmrﬁﬁﬂwﬁwm% ¢ PFC- C3I 8)

ar e r ecover edreffuxaaté atbothl dduibled carfpaidi o Tuniparativt ERatiple 40 1d spiteldfehipr ocess of

cl ai m 1 whgr ol 132! 618 XL CoSORRIID D RO HOE SR ELAN! RS EFGC318) and

hal ogenat éd i npur azeotr osrtron. 25 5.)
The process oﬁtll&cmtmng%emmnotgbzmuaﬂ@ot ropi c or azeotrope-like

conposi tion consists mﬁ;@abm arwvechaixf pRDsBEW Shel AR ElyDinTRIng percent of

per fl uorocycl obut ane | e cent of
2chloro-1, | ‘i“"fn?%iaﬁ‘g?tﬁ%?‘b@)% F—l%g%“ﬁﬁ% nggﬁﬁm ﬁﬁaﬁ‘aw ng a
boi | i ng poi nt with }ﬁghamﬁ@mcwsfmmaﬁrssmaatcomsmsﬂC (31)186m)d aThe process
of clai m 4sWhehgd ofii nﬁ@s%hﬁx%‘tGPPC EASPréRRElehi€ COMPOSition consists
essentially of from24.6 to 23.2 nole percent of perfluorocycl obutane
(PFC-C318) and from75.4 to 76.8 nole percent of 1,1, 2, 2tetrafl uoroet hane
(1~C134), said conposition hag bmgaran\bcﬁ)&m MDBN of fro_m -30 35 C at 10
psia to 80C at 326 psma% fé’fﬁ‘m%"%@%@% qf ﬁb‘i'sﬁba‘}n)ﬁmﬁrﬂi&?ﬂ&hazem ropic

or azeotrope-like 37
PFC-C318 and 606 pph HFC-134 is fed to a distillation column These are

40  distilled using the variety of conditions and with the results shown in Table 3.

TABLE 3
COMPARATIVE
45 EXAMPLE NUMBER 6 7 8 9
Extractant NONE NONE NONE NONE
# STAGES 62 62 62 62
Feed Stage 30 30 30 30
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conposition consists essentially of from9.9 to 0.6 nole percent of

per |l uorocycl obutane (PFC-C318) and from90.1 to 99.4 nol e percent of
1,1,1,2tetrafl uoroethane (I ~C 134a), said conposi titon haV|5r1§ep<§e'BB"r"I3qfrB
point of from30C at 12 psia to 40C at 147 psia. 8.) The process of claim4
wher ei n sai WOBH#TB opi ¢ or azeotrope-|i ke conposition consi BCEUSMHG8ISI al | y
of from23.1 to 21.3 nole percent of perfluorocyclobutane (PFC-C3 | 8) and
from76.9 to 8. Ppl e pefCeent -d%-'1, 1di f1%br oet hé?‘ré (HFGY¥5Pa), said
conposi tion H‘éfh”ﬁ E¥ boi Iﬁcr’lg poi'he of fr - 20 t at 19’°p%| a to 80C at

349 psia. 9. ) r ocesstoof clfﬁl V\/még n the al ogensg g%l inmpurity

conpri ses cat ngy one of (PFC-31:30 (C4E'3), PFCIAL-12 (¢ , PFC-1318ny
(cis- and transcb3er=crcrd), PFE&1318¢c (CFSCFZCF CFz), PFG 1216 ( CF3CF=CFA

PFC 15 1114 (foF%akd-Z) per flspar gaspbut engy ¢CFz CER3) ~, CR7114
( CF2C1CF2Cl1) ,cofidsk-rhidta ( CGfretafCR3)z CFC- 24.6ba ( CR3GFCLCFI 831y, CFC-217ba
(CF3CCl FCF3) ,pTid-€res113 ( C@sbgClzz)7 HCFCed24 ( CHRECICF3), #CFC- 124a
(CClF2CHF®W) , HFC- 134 (CHFI CHFZ), HFC-134a (CHZFCF3), HFC 152a (CH, CFZH),
HFC- 125 ( CF, CREHLLATEREIR 2(PEH) ( GP8CFz CHF290.0 HFC- 22¢da ( CF3@HFCF3), HFC- 1225u
20 ( CF3CH=CF ,FLLNFFBT'236ca(P$U]-|Fm0-|FZ) 2000IEC- 2338800¢ CHF2EHMCF3) , HFC236f a

( CF3CHZCF3), ﬁ?"%@“tfmzd 8B 40 (C¥e1) and®HoC- 160'PeH3CHZCL) . 10.)
The proce s of clalns erejn_the ers a el ec fromthe 2s group
consi stin of°° Lﬁ;‘\,e &/\%hyb 9916 et 6;;:91 tetr%ﬁ1 rofi 0o hd 1, 4- di oxane;
the ketones are se ecte rom-t group consi sting of pr opanone (acet one)
and Zbut anoneggegret hyl et hyl ket one) the al cohol s are selected fromthe
group consi st pguef nethanol and propanol; the hydrocarbon is cycl ohexane;
and t he hydr ochicmear bon¢dra) chdsarecof or meea3® 11. )ssdhe prosmss of clains 1-9
wherei n sai d perd-kasor ocyclrebut aave.o PFC- €@818) | s ave@over edescont ai ni ng | ess
than 1 parts- peeMeosiriaNon- nol ar of hal ogenated inpurity. 35 12.) The process
of clainms 1-9 RFef¥Bn perd® fbncifet obut af®4( PFC (918) is P®déovered

containing | es8F&FHA 100 (WEt*3-34e? - bi | | PH1S- nol ar?*o? hal odtfated i npurity.

38 5 Se%t enber 2002 13.) A process for separating perfl uorocycl obutane
(P, FC- C318) fuo{j EN DI‘gn“"‘mim xture of perfluorocycl obutane (PFC C318) and

hal ogenat ed i ngfE E{.% Sel e p from tfge, groupzgonsi stisgg, of

1,1,2,2-tetraf I,.,p(gq&et hane 1FC 134).6 1, 1, 1g&- s etr afGL,Lg)r oet h§43e3 (HFC 134a)
or 1 1 di 8¢ uor eaiebsieon( HFE: f52a), wher ei n 5 t he amount of

perfl uor ocycl olped-asme ( PFCE348) in tdees firstagtuxture asss i n exaess of the
anount of perf lpemcaeycl obyoane) (PFC-28348) | n2a” azeot2sopi ¢ or24geot ropel i ke
conposi tion of perfluorocyclobutane (PFC- C318) and hal ogenated inpurity,
conpri si ng awml ng the first mxture to forman azeotropic or

azeot rope31 i ke E4¥8conposi t| on of perf]| uorocycl obut ane %PFC— Ciﬂgij and

hal ogenat ed i npftFEY as a {@; ond m><'1é5 %, gz]gl n saig*dzeot rPpfc or
y tIOI(l L select § rom group5 gggnsmt

azeotrope-|ike ng of i.) an
azeotropic or IkKe Fonp05|5dgn congj sting sgntial kyy;of from
24.6 to 2342 nq‘ecgﬁrcent Qieggrflquogyclonggne 15 4 RFC C31 gand from
75.4 to 76.8 nole percent of 1,1,2,2 tetrafl uoroethane (IBC—134) said
conposi tion having a boiling point of from-30C at 10 psia to 80C at 326
psia, ii.) anAamaybeesgshdn mesegwam}yeﬁxmeleedh%ﬁ essegHalbbrmsseparption
essential iy OfwffiléPm%ﬁsmnpthél-ll@-ﬁ%m&(i@dﬁlto@ih@&il&tﬁlldﬁ@ﬁ&@?xfb@?ut ?Re (PFC20
uor ane

C318 d f 0 t of
(G, 1300) S Hhds Tt vt s, vl s S5 0mies SRS it 68 o0 T2 psia
to 40C at 4147PPEiG3)8 and HFC- 134 deedaatentortbisidistiiaticonzxobmmmgpenprisk theconposi ti on

C
per 11 nor ocycl Seor o osetipt Ry PG CIE dndRFG ‘@Qra‘:ﬁ‘ff;fé;f‘e per cent of

1, 1- di f | uor oePPEIECcepditiansy This GomparatiygFaample showsthe fi PAHYEpoi Nt of
from - 20C at a9 aRR6Hrépit Confidsitidh comPrifing PFC-@3A8 hnd HFECIG¥ &y icogventidrl azeot r opi C
or azeotrope- I lst{f £onposi tion as a distillation colum overhead stream and
per fl uorocycl StYaeE: (PFC-C318) as a 30 distillation colum bottom stream
14.) A pr@Bess for separating perfluorocycl obutane (PFC-C318) from a

Comparative Examples 10.11.12.13
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first mxture of perfluorocyclobutane (PFC-C3 | 8) and hal ogenat ed irrpuri ty
sel ected fromthe group consisting of 1,1,2,2-tetrafl,uor o%ﬁane 0122

35 1,1,1,2-tetrafl uoroet hane (IBC-134a) or 1, 1-difl udroet 2a)
wherein the of hal ogenated inpurity in the first m xt

excess of tﬁggg Gt of hal ogenated inpurity in an azeotropi E’L 21]59304313
azeotrope-1|ike conposition of perfluor oc3{cl obut ane (PFC-C318) . and

hal ogenat ed i nmpuri ty, Indcmnarative Examples 1471 5elsa04]d 2 migstyse comprigingt i | | i ng t he
first m xturePFO-(308 m:@HF@zB@tw fdite a distikkation colap@: Thi eomiigae ot fridon  of
perfluorocycl obulane, (ks %ﬁﬂag]msaﬁgsﬂ%q?qmggd inmpurity as a second

m xture, wherein sald azeo I'C of "azeotrope-like conposition is selected
fromthe gl oup consi sting of i ) an aggptropic or azeotrope-like

conposi ti on consl..st..I.r.lg.-e:s.sent.l..al..l.y-.qt._._Pmm-ZA.-6- 10..23..2. nol e _per.cent of
per fl uorocycl ghyiaese( PFC-C318) and from 75.4 to 76.8 nole percent of

1,1, 2, 2tetraf bxasnceaimsere (| BC- 13¢), saidiconposi{a on havisg a boiling point
of from -30C at--10- psia-t06-80G-at--326--psi-a,--t0-i4-:)--an-azeot r-opi-c or
azeotropeid i kextcanrpsi ti on CONSNGNEI ng ewwenti al INoNef frones& 9 to 0.6 nole
percent of pe#sTReRSr ocycl obut ane3f PFCC31®8) and fr#@m 90.1 8 99.4 nole -~
percent of 1, BEER STAGEet r af | uor oefhane (HFC-134a),'%ai d codposition having a

boi l'i ng p0|nt of from 30C at 12 S|ato 40C at 147 Asia, or 15 iii.) an
azeot r opi is or " 7830 ope (lglgke cof SI ti on OI’ISI st |’r§ essent-ally of from
23.1 to 2 %rsé ce¢ of per lguor ocycl7obut ang, FC- C3 and from76.9
to 78.7 nol e RRECR 1 di f Lyl gr oet hape (HFC-,’J,,E';;a) sap g conposi tion

havi ng a boi | g8 ﬁm nt qf»c)f rom-2QC at 1k9;psia t9,80C at 3349 psia, and 20
b.) recovering said azeotropic or azeotrope-like conposition as a
distillaton cod s over [ysag) st eeam and 2aad ogenased | npueslsy as a
distillation colbsaardsot t osIst r eam? 40  24.7 24.7 24.7

. A Ah&. AL9. A@TMSWS A9. . RSy AURT AU. A{, .2AFAR. A{ f27AU?. A{. Ah7. A., . A3hy. A. | . A
.AURA’>AU RAhAA Ah. A

Y, AU@. AU ISAF'AAIA&J"%TEA(PPWL ARE-AAy SA{. AB:N9. A 182A312. A9e, 5; hV8#

] *ZF| wr nh&z‘YTEEFa X & I:Ea] ca E'ﬂ cagﬁ‘a] ca] ca ca] cal c‘zﬂ ta] ca]5(9&] c:a]calca

U c”a] ca] ca]c a] c Ca Uc aU] cal cH ca] ca ]ct gX

VHH#& ))) ¥ Qttty f‘me S¥F'EU @R AL cahLal C2y7060. . .

U chal ca] cal cg éb@ﬂéﬁadtﬁ ‘atﬁéa [acal o &3) cal FAbeal cal.sael cal call cal cal c
aJ calca Uhgnal ca ,, /3yl 11221 22(3578

r <w<<<<>>>DWDEegor rrhc"Y] ca] ca] ca] ca] ca] cay caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] caU] calU] ca] ca]riaiscal ca U] c”a] ca] ca] ca] ca] ca] ca] ca] ca DEGGGEEGEEKKNMVM PnPRR
RR7RVRT! UeVFYYZFE BIg [(RPH) ° f zuoi @5%U] | ca]%@] ca] ca®ocal] calPé®] ca] ca] ca] ca] ca]

ca] ca] cal ca] caffeaPéa)(t) ca] cal é&] ca] ca]5(9aU] ca] cal/ ca] caPBa] ca] ca! f ggghnngo

pghqgrqrrrPspss ~ytojd VYid U] ca] cal] ca] ca] ca] ca] ca]

]ca] c?] ]ca]Cca] ca] ?%]13%] d%‘“_g%m%U] % ga] ca]5cg§3‘lg| ca] céjsgga] ca] géﬁa] caU] ca] caU] ca
ca

Psl (n) {vgke [ akeal cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

Ul cal] ca] gg] ca ﬁa m%ca] ca] ca] ca] ca] ca] ca] ca! QMt

#gT{ voi b\ V\{queFﬂESEaH] ] ca Ul e3ald ca Uzeal cal salcal chapar] cal ca _

U] c*a] cal] ca] cahﬂcca]gca]ma] cal calseal ca] cadoc@] cal] ealbl] ca] capma] cab\ _k~4!" E]im

}xrmg [ Uoi b\ W vepreosivfioly] ca] ca U] c*al] ca] cal] ca] ca U] c”a] cal] ca

U] cMa] c™a] cal] cefceesh aaf aaU] ca] ®ald ca] catdlca] calpza] cal] ¢aljecal cal cal ca

<BMuh}- " 5[ ~wgRAC-033R i (MLB(*MgkeU)7éed UV] cadtta] calRtéd] cha 24.9

BOTTOMS

FLOWS

PFC-C318 (PPH) 661.2 773.5 913.3 917.5
50 HFC-134 (PPH) 0.00003 0.00004 0.00005 0.00005

COMPOSITION

HFC-134 (PPM-MOLAR) 0.1 0.1 0.1 0.1

PFC-C318 (WT %) 99.99999  99.99999  99.99999  99.99999

PFC-C318 (MOLE %) 99.99999  99.99999  99.99999  99.99999
55 PFC-C318 RECOV.EFF. (%) 69.6 81.4 96.1 96.6
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U]l c”a] ca] c™a] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU] ca] c*a U] c”*al] ca

U c”aU] ca] cal ca

Ul c™al cr}3vim 2>?} xsnmhc”XSke] cal] ca] ca] ca] ca] c”a] ca] ca] c"é]mrﬁboﬁrc?gf)ga

Ul cral] ca] Ge;,] ca] ca] ca] cal] ca] ca] ca] calU] ca] ca] caU] ca] cal] ca] cal] ca

?2D- QF r' +09CMOPHAb] Wic~r XSke] ca] c”a] ca] caU] ca] cal] ca] ca] cab€HPEIREBU| ca] ¢
a] c”a] cal] ca] cal] ca] ca] ca] cal] ca] ca] ca] c*a] ca] cal] ca] ca] ca

U] crakK4Jadgj {Ni ~+/ zt bk hedéShxemplek.ahd d:ss}ltaam} celjunn jodretate] untier] wadition3 caU] ca] ca

] c”a] ca] CAa]g e%jﬂmi @Qlﬁﬂm@maﬁé’&tﬂo %ﬂtﬁfﬂ.&ﬁ sfhRpld Lphepl ca/ 17{51,

W2 uoi c] XShc™ XS a cag{wal)] C cal c cabcaU] caU] cal c
aU] caU] cay] c&F éﬁ?‘b‘i‘@} g‘éﬁ Qféﬂ"’c 5‘%@ "émaﬁ%l %‘i?%
r}1 Tzt oi d’\YShGMRSKIGI]El’S&]Z&&i@@ gbesavkthajdoia tiee ol MBHRIBCGP&M&MA a] ca

aU]] g;ﬂ:;? g?]gc %%? %&%ﬁ&o& '%@Loﬁgg%?@edl the °(l: ca "B] calcaUca]c

al] ca] ca] c*a stn}ama] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca]c”a] ca
LX bv9j ~ As the reflux rate is increased between Comparative Examples 10, 11,

Q}/ng{:ngg l;.]e] ]Cagéqg’a‘ﬁﬁ %‘g‘f T%ﬁ%@%@&}‘ggfﬁq‘k"ﬁn 111 Schrafl rllﬂ t?le l:xcegs] lgl-a(],‘ CaU] Ca] cajc

GAgDLj|,jp= fm wpezqovnal]crpmaqmmqrwcﬂ suchabdt enag c%t}lm}(ma* ca] ca] ca] ca]
ca] c”a] cajd] ca, QVER asalpﬁésahsed&mﬂ i§16] fre dF $RFICC placR

acal] cal cal ke’é‘gl e it skl %"e%}esaf SR w}re%%‘:arlcﬁ pl caleat e

 bg{ $7=BWb rru}ranemmMmﬁéaﬂk&]a}damhm&aﬁltmd@m&]om@aﬁabbmd] Faltha) somjecal] ca] ca] ¢

?g%gﬁl])chtﬂr ;ﬂ \(;f?ltglﬁ%g g Cgfe]s{a?n}‘ﬂ El@ &ﬂ@é% géﬁt(cig% g‘?%] caU] cal] cal] c

aU] ca] caU] cal§ weﬁme@ampeaqrwwmtba HErecavida

:J]DQt y]FW i Sp}/léfﬂdjﬁamc&lﬂo}sﬂﬂ%ﬁﬁ:]sﬁ&] apddaddlcasiintibsal cal c]a cauf cal cal ca
c™a] ca] cal] c™a] ca C ca ca] ca] calc

a+0l NYchnr #{ vpke™ ZUj ]q%e]é' C%L@L‘ ‘l"g aé)?a]mtpﬂ %]18 ]“ Igw 'ﬁfca] cal] ca] ca

Ul ca] cal] ca] c;atqtrmwmpea}lemqowp@awf ﬁ] 8jand, 52U] a]nayabealsam v/ 25Ayt ni c\ V
Q]]caU ca Uwmald Hﬁtqawmﬂl & fitdl Sikture com@ lSll'%PFC -C318 and HFC-134 such

e e B R i o o

Ul c”ral] c caU] ca] caU ca] ca U c”aU] ca] cal ca
U c”aU] ca] cal] ca] cal] ca] cal] ca] caU] ca
Ul cral] caDN j }- 37| wgl f a[ U | JrOMPAEHVE £X cHlZa] caU] ca] caU] ca]callca]c
ay] ca] cal] ca] ca] ca] cahmhﬂpaﬁhwlem@dl&aul cﬁ]leahﬂ e8] £aiderakompliciag & | xz{| wgl f

L i T el g ialili o i
Fu~Wt ni c25S]resillss degpe Ué Up@a}q:séwna] Tahlg La] cal] ca] ca] ca] cal] ca

U]l c”a] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca

W) 1[ w( 3r 0<KVZ] d=H{ upj e_ZTi c* XS] U] ca]qa\d ga] cal] ca] cal ca] ca

U] c”a] ca] ca] crall.cal] ca).cal.cal.calcal c”al.cal chal.cal.cfal ca].cfal cal) ca] ca] cna]
ca) cMa-! Cl s! | SoMPARATIVE " " #H#AHHARHKHVHDHMEX #HAH#$S} Xr mgb\ W ¢ XS] U] | caU] ca] cal] ¢
aj caU] ca] sm EXAMPLE NUMBER 14 15 16 17

U] c”a] cal] ca] ca} ¢ al-eal cal cay- e&}e-a}ca]-caU}ea}ca]ca]caU}ca}ca]c"a] cal] ca] ca
] c”a] ca$#$8S<2HIEEE[ $g} $$$8UMAE L%  NONE

&&&&* * * * * * * 2 HN\SHEES- Or~x smhb] WRi ’i?"XS] caU];%a] cay @a] caU] cag?caU] ca]caU] ca]ca]c
a]calca | cNEFFRETAYEC~aUl] ca] ca] ¥a 0 30 0

TOP TEMP (°C) -8.3 -9.3 -10.1 -10.1
REFLUX TEMP (°C} -9.1 -9.9 -10.2 -10.2
DIST TEMP (°C) -9.1 -9.9 -10.2 -10.2
BTMS TEMP {°C) -4.3 -4.3 -4.3 -4.3
40 FEED TEMP (°C) 5.2 -5.2 5.2 -5.2
TOP PRES (PSIA) 24.7 24.7 24.7 24.7
CONDSR PRES (PSIA) 24.7 24.7 24.7 24.7
BTMS PRES (PSIA) 27.7 27.7 27.7 27.7
45
DISTILLATE RATE(PPH) 389.2 206.9 126.9 126.9



Ul c”a] ca] cha] cal] ca] cal] ca] caU] ca] caU] caOra+d+e+h+i +| +mr++++++++++++ 1 | $ %
*>0,,,,,.|wgl fa[ Vi c*XS]ca] cal] ca] cal] ca] cal] ca] ca] cal] cgca] ca c%ca] cau
.] ca] caU] ca] cal] ca] cay] ca]£aU] ca] caU] ca] caU] ca] cal] ca]'cal] caSerigmbe 2
194018111122 3G3J3Z3"6d6f 6n6W62666778| wgl fa\ Ui cMXS] ¢ _

Ul c*a] ca] caY@ 3431 ca] cay] ca] ca] ca] ca] c”a] ca] ca] c”a] cal] caPEATUSUPEAL] ca] c
a] c™a] ca] c™a] ca] c™al.ca] c”hal ca] c*a8c8nB88888888: : ; 3: v;

<) <<<<<<<§§TT§% Iﬁg_z‘lﬁgk’\XS] @j:’ca] cal c‘légﬂ]‘ca] caj";gk'a] caUﬁ@%'caU} ca] ca]c”alc
aJ cMa] ca] cha] ca] c™al ca (FPH) ) ) ) ’

U chal call cal gabhial gl calial] cabsaYl cakeas<==.gal= =hager=====>>. >L>p?y?
| 2} 22 @@BBBY Bo%mem%lﬂc(ﬁﬁ@fifwamw.cal cAarsall cadgall cab@bca

Ul c”a] caU] cal] cal] ca] ca] ca] caf!] ca] ca] c”a] cal] ca] ca] cha] cal] ca] cal] ca] ca

U] c”aoBz BBBBBB&BCC* CWwC~CCCCCCCFDk DDDDy FFFJKK" K} xr mhc”Xi ¢~ XS] ] caU] ca] ca] ca] ¢
a] ca] c™a] cal] caaws] c"a] ca] cal] ca] ca] c”a] ca] ca] c”a] ca] c”a] ca] ca] c™a] caU]ca] c
al] ca] ca] ca] ca]rec-&318L KiHNX QQHULYTVHVKVTBO VXY W &\ \\\ [ 80621 4 vy " " O "a~yto
j e [ Vc] ca]iea] cdlfedptalRrd) ca] ca] &8f-ca] ca]%®] ca] cajs®+*a] ca] @84-ca] ca] ca] ca] caV]
cal] ca] ca] ca] c%&%&ﬁ%’ta} ca] caU] ca! abbYbdccccdef [ f hi vjyjj k*kkkkl | noolp.rvrr
| ss% | wr mhcrYc] Sg' L"céﬂ"é‘ Tda] caPt¥fca] cig%"él] cal cé’éﬂl"&%{] cal é&l%’a] ca] ca] cal] ca]
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HFC-134 (WT %) 99.99998 99,99998 99.99998 99.99998
30 HFC-134 (MOLE %) 99.99999 99.99999 99.99999 99.99999
HFC-134 RECOV.EFF. (%) 64.3 83.5 91.9 91.9

In these examples, the distillation column is operated under distillate
temperature conditions such that a PFC-C318/HFC-134 azeotrope composition is
35  formed having a lower HFC-134 concentration than that of the feed mixture. The
low-boiling HFC-134/PFC-C318 azeotrope goes overhead in the column and
HFC-134 that was fed in excess of that azeotrope composition is recovered in the
column bottoms stream.
- As the reflux rate is increased and the distillate rate decreased
40  between Comparative Examples 14, 15, 16 and 17, the efficiency of the
distillation column in separating the excess HFC-134 increases, such that more of
this excess may be recovered as an HFC-134 substantially-free of PFC-C318.
However, this increased efficiency requires significant increases in reflux rates
and decreases in distillate product rates increasing the energy expended for the
45  distillation. Further, some of the HFC-134 fed necessarily remains in the distillate
as part of the PC-C318/HFC-134 azeotrope composition, limiting the HFC-134
recovery efficiency possible from such an azeotropic distillation.
Nevertheless, these Comparative Examples show how the low-boiling
azeotropic compositions comprising PFC-C318 and HFC-134 may be used to
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Extractant
#STAGES
EXTR FEED STAGE
FEED STAGE
TOP TEMP (°C)
REFLUX TEMP (°C)
DIST TEMP (°c)
BTMS TEMP (°C)
EXTR FEED TEMP (°C)
FEED TEMP (°C)
TOP PRES (PSIA)
CONDSR PRES (PSIA)
BTMS PRES (PSIA)
DISTILLATE RATE (PPH)
REFLUX RATE (PPH)
BOTTOMS RATE (PPH)
EXTRACTANT RATE (PPH)
EXTRACTANT  (LB-MOLES/HR)
CONDENSER DUTY  (PCU/HR)
REBOILER DUTY  (PCU/HR)
FEED

FLOWS

PFC-C318 (PPH)

CiFyo (PPH)

EXTR.  (PPH)

COMPOSITION

CF,o  (PPM-WT)
CF,  (PPM-MOLAR)

EXTRACTION COLUMM DISTILLATE

FLOWS
PFC-C318 (PPH)

25.0
3000.
100975.
100000.
295.8

-79435.

+1730243.

980.
20.

20000.
16861.

25.00

23

24.7
24.7
27.7

250.0
3000.
100750.
100000,
295.8

-85343.
+1746685.

980.
20.

20000,
16861.

249.97
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CeFre 20.00 19 97
EXTR. (PPH) 100000. 100000.
COMPOSTTION
CiFse (PPM-MOLAR) 17203. 22471.

15 PFC-C318 (WT %) 97.94891 97.33745
PFC-C318 (MOLE %) 98.27068 97.75294
PFC-C318 RECOV., EFF. (%) 97.45 74.49

In Comparative Examples 18 and 19, the feed stream composition is identical to

20 that of Comparative Examples 1, 2 and 3. Even with an extremely high extractant
feed rate, extremely tall columns and extremely high reflux rates, the C,F,,
concentration in the PFC-C318 product has been reduced down to only slightly
less than 100 ppmm. Comparative Examples 18 and 19 show that when used as
an extractant, CF,, offers no advantage over the conventional distillation shown

25  in Comparative Examples 1,2 and 3 for this separation. CF,, is one example of
the many compounds ineffective as an extractant for facilitating the separation of
PFC-C318 and C,F,, by extractive distillation.

Examples 20 through 31
30 In each of Examples 20 through 31, a crude feed stream comprising

HFC-C318 and C,F,, is fed to a distillation column and operated under the
conditions shown in Table 7. The concentrations of HFC-C318 and C,F in the
feed stream for each of Examples 20 through 31 are identical to those of
Comparative Examples 1, 2, 3, 18 and 19.

35 In each of Exampies 20 through 31, a different compound is fed to the
column as an extractive agent. The distillation columns in these Examples are
operated to remove C,F,, from the column as overhead distillate, while recovering
a PFC-C318 product as column bottoms. The extractants for each Example and
the results of the distillations are shown in Table 7.

40
JABLE 7
EXwPLE NWBER 20 2 2 P
5 oamerar ACETONE  WEK  THE  1,4-DIOVANE CHCL, PROPANOL METHANOL
#STAGES 72 72 72 72 72 72 72

24
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2310% ué&’ () " GLO%YuYu&' ()-!(, Gl0% C- C& % cyd}e}v}}}~]~n\= 10-u; 10% F
109%& () - tﬁ%% 3@5” @¥ovb s () o%%f’()-u 53 & (- 10-{f 10- u];2~ConxgN=
10-1, &10%:nF (

10%8& () - J:Q%éan&' () - ! Ty BRYB3E fo)s | A 40l 0%WDYR&E () - 4.40% &) - BRE< =
10FbFb! | SMO%E#QEb&Mé) - 310487 6) - ! L. sLl0%KKBE' ()40(sl0%8s.¢ ) -~ &LOPE' (¥7.F
(" &10YBbBb& ofgr-emrgH= 10Fhfep!a7.¥ 40.3 40.3 40.3 40.1 40.3 37.5
10% u&' () - LO%INS&ERD - | #10%(w&'s6.p- NMLOSBUL' (J4-3 1080w’ () 76.00Fb 9. 1 65.2
10FbFbnsBl z[ <8 FEGFEEDY | XBY0& () -40%10% &0-0) - | , ¥I0WYUYUE' () -4¥-0 40.0
$10% u& () - ! FEERIBRAAL () - (P BBIAUALR-Y( ) - ( AZXOH= 3BOFbFHPS- 1 38.1 38.1

2GL0% u& (V) -1 # Y+10(%PuPu&' ‘1) M Y+10%-0F0& ()-M
) 10% U8 ()| oo e ’#"@3210%‘:’“&' GY a7 s e e
1 0, . . . . . -
10FbFbl 10%& cﬂs PRQL OM(PSI:() 67.7 67.7 67.7 67.7 67.7 67.7
is DISTILLATE RATE (PPH) 25.9 25.1 25.2 25.0 25.7 25.0 25.3
REFLUX RATE (PPH) 3000. 3000. 3000. 3000. 3000. 3000. 3000.
BOTTOMS RATE (PPH) 5034. 9761. 10344, 13361. 19118. 22239. 15679.
EXTRACTANT RATE (PPH) 4060. 8786. 9369. 12386. 18144, 21264. 14704.
EXTRACTANT (LB-MOLES/HR) 69.9 121.9 129.9 140.6 162.0 353.8 458.9
20 )
CONDENSER DUTY(PCU/HR)-72400. - 61347. - 62079. - 61672. - 63803. - 61537. -70007.
REBOILER DUTY(PCU/HR) +105352. +312053. +213459. +245962. +227529. +1004089. +316004,
FEED
25 ELOWS
PFC-C318(PPH) 980. 980. 980. 980. 980. 980. 980.
C.Fyo (PPH) 20, 20. 20. 20. 20, 20. 20.
EXTR. (PPH) 0. 0. 0. 0. 0. 0. 0.
COMPOSITION
30 CuiFyo {PPM-WT) 20000. 20000. 20000. 20000. 20000. 20000. 20000.
C.Fyo  (PPM-MOLAR) 16861. 16861. 16861. 16861. 16861. 16861. 16861.
XTRACTION COLUMN DISTILLATE
PFC-C318(PPH) 5.00 5.00 5.00 5.00 5.00 5.00 5.00
35 C4Fso {PPH) 20.0 20.0 20.0 20.0 20.0 20.0 20.0
EXTR. (PPH) 0.95 0.07 0.16 0.05 0.71 0.05 0.30
EXTRACTION COLUMN BOTTOMS
PFC-C318(PPH) 975. 975. 975. 975. 97s. 975. 975.
40 CuF e (PPH) 0.00116 0.00116 0.00116 0.00116 0.00116 0.00116 0.00116
EXTR. (PPH) 49059, 8786. 9369. 12386. 18143. 21264. 14704.
COMPQOSITION — (values exclude extractant)
CFy  (PPM-MOLAR) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
PFC-C318 (WT %) 99.99988 99.99988 99.99988 99.99988 99.99988 99.99988 99.99986
45 PFC-C318 (MOLE %) 99.99990 99.99990 99.99990 99.99990 09.99990 99.99990 99.99990
PFC-C318 RECOV.EFF. (%)99.49 99.49 99.49 99.49 99.49 99.49 99.49
TJABLE 7 {CONTINUED)
b R R EXAMPLE NUMBER-------------
27 28 29 30 31
EXTRACTANT MTBE CYANE TOLUENE DEE HEXANE
NO. THEORETICAL STAGES 92 92 92 92 92
55 EXTR FEED STAGE 15 5 5 5 5
FEED STAGE 35 25 25 35 35
TOP TEMPERATURE (°C) 10.5 10.6 10.5 8.9 10.7
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1090T& ()-T~_@: 10 10@ 10%@& () - 37S10%@& ()- 1037S10%g<

q& () - (I 610W@P(2RE§1|@B/@L ()(PSIA)lO%q & () - 25|7| aB: 24.7 24.7 24.7

CONDSR PRESSURE (PSIA) 24.7 24.7 24.7
BTMS PRESSURE (PSIA)} 27 7 27 7 27.7 27.7 27.7
10
DISTILLATE RATE (PPH) 25.1 25.0 25.0 26.5 25.2
REFLUX RATE (PPH) 3000. 3000. 3000. 3000. 3000.
BOTTOMS RATE (PPH) 20359. 19668 . 24543, 29256. 602065.
EXTRACTANT RATE (PPH) 19385, 18694. 23568. 28283. 59231.
15 EXTRACTANT (LB-MOLES/HR) 219.9 222 .1 255.8 381.6 687.4
CONDENSER DUTY (PCU/HR) -69856. -69242. -68832. -81060. -70072.

REBOILER DUTY (PCU/HR) +618018. +430629. +479421. +696617. +2617593.

20 PFC-C318/C,F,, FEED

PFC-C318 (PPH) 980. 980. 980. 980. 980.

C.F,»  (PPH) 20. 20. 20. 20. 20.

EXTR.  (PPH) 0. 0. 0. 0. 0.
COMPOSITION

25 CFo  (PPM-WT) 20000. 20000, 20000. 20000. 20000.

C.F,, (PPM-MOLAR) 16861 . 16861. 16861. 16861. 16861.

EXTRACTION COLUMN DISTILLATE

FLOWS

30 PFC-C318  (PPH) 5.00 5.00 5.00 5.00 5.00
CF.o  (PPH) 20.0 20.0 20.0 20.0 20.0
EXTR.  (PPH) 0.15 0.05 0.00 1.48 0.16

EXTRACTION COLUMN BOTTOMS

35 ELOWS
PFC-C318 (PPH) 975. 975. 975. 975. 975.
C.F,, (PPH) 0.00t16 0.00116 0.00116 0.00116 0.,00116
EXTR. (PPH) 19384. 18693. 23568. 28281. 59230.
COMPOSITION - (values exclude extractant)

40 C.Fyo {PPM-MOLAR) 1.0 1.0 1.0 1.0 1.0

PFC-C318 (WT %) 99.99988 99.99988 99.99988 99.99988 99.99988
PFC-C318 (MOLE %) 99.99990 99.99990 99.89990 99.99990 99.99990
PFC-C318 RECOV. EFF. (%) 99.49 99.49 99.49 99.49 99.49

a5 By contrasting these Examples to Comparative Examples 1,2, 3 and to
Comparative Examples 18 and 19, it may be seen that the extractive agents of
Comparative Examples 20 through 33 significantly increase the effectiveness of
the distillation for this separation, and are thus effective extractants for separating
C[F,, from PFC-C318. In Examples 20 through 31, PFC-C318 having

50 significantly reduced concentrations of C,F,, versus the crude feed stream are
recovered in the PFC-C318 product from the distillation column bottoms.
Whereas concentrations of C,F, in the PFC-C318 product below 10 ppmm were
extremely difficult or impossible to obtain in the Comparative Examples,
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15  extractive distillation column bottoms. The extractive agents indicated in each of

Examples 20 through 33 exiting with the PFC-C318 from the column bottoms

may optionally be separated from the PFC-C318 by distillation or other methods.
While acetone is among the most effective extractants for the PFC-

C318/C,F,, separation, acetone forms a low-boiling azeotrope with PFC-C318.

20  While MEK, THF and 1,4-dioxane are all just about equally effective in
separating PFC-C318 and C,F,,, MEK and 1,4-dioxane form two liquid phases
with PFC-C318 in the extraction column which requires more extractant flow and
adds to the difficulty of operating the column. The extractants most preferred for
this separation are consequently THF, followed by MEK and 1,4-dioxane.

25

Example 32
In this Example, a stream comprising PFC-C318 and C,F, is fed to an
extractive distillation column, where THF is fed to the column as extractant at a
point above that of the PFC-C318/C,F,, feed. The bottoms stream from the

30  extraction column, comprising PFC-C318 and THF extractant, is then fed to a
stripping column. In the stripping column, a PFC-C318 substantially-free of both
C,F,, and the THF extractant is obtained as distillate product, while the THF
extractant is recovered as bottoms product, then recycled back to the extraction
column as extractant feed. The operating conditions and results from these

35  distillations are shown in Table 8.

JABLE 8

---EXTRACTION COLUMN STRIPPING COLUMN

27
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-109% & () - #3h RIS GRES” D|(E37'0 #1098-%' () -S2PRBIE4 &(g}Mw%& ) - 10%& ()-10% &
()-u{_2| [ 28 #1998 B} ) - 100 () - ABASLOA™ TFFe 10%( 10) - 108% - ?|[?0" #10% &

"()-10% & ()-1 0%& 100/65 #10 () 10% & ()-10% &
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10041 1& () -9 , g6 furk ) - 0 w ,B,;%S/ 1 06& ()- 13S/10%

& ()- 1998 &xidhcinT nad0 ,() 93619 10 o%& ( A

109%@ @& ()-g4ad@h'b1jAH A LB/ 00! 18dl e ; 1098 & () Y3 10% & ()- s710% & () -
s710% & () -

03S/ 10%& () - | { Eetn-KABOACIANCA V| & () - # EEEVATRCSIRPHING eoLaMG K" L& () - #10%.K" L& () -
# , 100K'L& () ELows 10%u< L& () - <NA401848%]

1094 K" L& ($ #10%9&!%&&( #10%_K9£°& ()- %&@WK"H&*& ()- ##3%5

* DNA4010#310% K& ( e (PPH

10%.K" L& () - #10 PPH #10%_K L& () - §¥1'b%1£"'t& () -#{_ 'ﬂ%&OlO#lO%K L& ()-#
1094.K" L& () - ##3%——‘:‘3&;?‘ 33 L& () - QOALK L& ()-#10%K"L& ()-#
8-y

_?NAAO10#1QA K" i ;g L& 6#10/&.K L& () - ##38]
T0%K" L& ()- AN % Lé

9%829>C_?NA4010630HI l;o&mﬁbz#i@%K L& (Mratti0bdim&rér#k0% K' L& () - ##3%J

10%.K" L& () - #CDKldds * ~ <NA4010#3%$J FLOWS
10%.K" L& () #1 0 PAOKCN B PPH)- #10%_K5L0& () -HEBoBKPRE () - #H#3Bs.
CFu (PPH) C.Fro (PPH) 0.117E-02
EXTR.  (PPH) 0. 16 EXTR.  (PPH) 0.176E-04
COMPOSITION
PFC-C318 (MOLE%) 99.99989
C4F10 (PPM-MOLAR) 1.0
40 EXTR. (PPM-MOLAR) 0.05

PFGC-C318 RECOV. EFF.(%) 99.49

EXTRACTION COLUMN BOTTOMS STRIPPING COLUMN BOTTOMS
FLOWS FLOWS

45 PFC-C318 (PPH) 075. PFC-C318 (PPH) 0.5
CFro  (PPH) 0.00117 CF,  (PPH) 0.676E-08
EXTR.  (PPH) 9368. EXTR.  (PPH) 9368.

This example shows how the extractive distillation of the present invention may

50  be used to produce 2 PFC-318 product substantially-free of both C,F,, and the
THF extractant, with high-recovery efficiency of the PFC-C318. Starting from a
feed stream comprising 980 pph PFC-C318 and 20 pph C,F,,, a PFC-C318
product is obtained comprised of 1.0 ppmm C,F,, and 0.05 ppmm THF, with 99.5
recovery efficiency of the PFC-C318.

28
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109K L& () - #10%K" L& () - #109%K" L& ()-# ?NA40L0#10%K" L& () - #10%K" L& () - #1
0%K" L& ()-WPRB49TI00 K" L&' () - #1094 K" L& () - # PCT/US99/04818
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#$9%& 0gGNA4010#10%4K" L&' () - ##3$J§_9_

1094.K'L& () - #10%_K" L&‘abl): 91sh0ws both Se(Extractivolirtiliation pnd stEiPBOR Sepofe840104#10% K"
L& () - #10%.K' g

810% K" L& Pt PFC C318 fqu (cg:Lgntalmnél;ilogenated 1mpurmes Pgcgm nsmg oA et o

) - #10%.K" 2 Lt(&) m l7b Al PRCTa ki M6 st g - FLOAKILE
10%.K"L& () - mﬂ%ﬂ‘dﬂ C( ¢3 dl &-Irdd(ﬁwewextracuon column distillate

L0AK L& () éoatcd 1APATEL Snd THE# 38 halogenated

dH, 410%.K" L& 9 K" L&%Bgﬁg plrite alogenate

109%.K" L& () - #mwwseg? rcfymssnaéomrbeus&rwwﬂfi@m-betmﬁ stgAGngo b the: () - #1008 k"
L& () - #1098 K"THF (thlsyax&ﬁu@t;b&n@enfmagd feed @94 sipifihg SolumIATKE kEipping # <0410#3$)
&109.K L%o( ) %&ﬁﬁ L;Qf’g“gg%@ﬁm@ FrBh HATHF §hd drehfid Rlpurities

dH, 410%.K"L&

recovered as the stnppmg column distillate, with the THF recovered as stripping
column bottoms then recycled back to the extraction column as extractant feed.

T T T T R LR LT
EXTRACTION COLUMN STRIPPING COLUMN
#STAGES 72 #STAGES 42
20  EXTR FEED STAGE 40 FEED STAGE 25
FEED STAGE 55
TOP TEMP (°C) 7.4 TOP TEMPERATURE (°C) 11.3
REFLUX TEMP (°C) 7.3 REFLUX TEMPERATURE  (°C) 8.6
25 DIST TEMP {°C) 7.3 DIST. TEMPERATURE {°c) 8.6
BTMS TEMP (°C) 86.3 BTMS TEMPERATURE {°C) 85.6
EXTR FEED TEMP (°C) 5.0 FEED TEMPERATURE (°C) 87.2
FEED TEMP (°C) 10.5
30  TOP PRES (PSIA) 24.7 TOP PRESSURE (PSIA) 24.7
CONDSR PRES (PSIA) 24.7 CONDSR PRESSURE {PSIA) 24.7
BTMS PRES (PSIA) 27.7 BTMS PRESSURE {PSIA)} 26.7
DISTILLATE RATE (PPH) 993.9 DISTILLATE RATE (PPH) 6.2
35 REFLUX RATE (PPH) 5000. REFLUX RATE (PPH) 4274,
BOTTOMS RATE (PPH) 7995. BOTTOMS RATE (PPH) 7989.
EXTRACTANT RATE (PPH) 7989.
EXTRACTANT (LB-MOLES/HR) 110.8
40  EXTRACTION COLUMN FEED STRIPPING COLUMN FEED
ELOWS FLOWS .
PFC-C318 (PPH) 998.9 PFC-C318  (PPH) 5.0
CFC-114 {PPH) 1.0 CFC-114 {PPH) 1.0
HCFC-124a  (PPH) 0.200E-01 HCFC-124a  (PPH) 0.220E-01
45 CFC-217ba  (PPH) 0.10 CFC-217ba (PPH) 6.10
PFC-1318my (PPH) 0.200E-01 PFC-1318my (PPH) 0.200E-01
EXTR.  (PPH) 0.0 EXTR.  (PPH) 7989.0
COMPOSITION
TOT IMP (PPM-WT) 1140.0
50 TOT IMP (PPM-MOLAR) T 1317.2
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EXTRACTANT THF THF
H#STAGES 62 62
EXTR FEED STAGE 40 15
FEED STAGE 50 30
15
TOP TEMP (°C) 7.4 7.4
REFLUX TEMP (°C) 7.3 7.3
DIST TEMP (*C) 7.3 7.3
BTMS TEMP (°C) 49.4 31.4
20  EXTR FEED TEMP (°C) 5.0 5.0
PFC-C318 FEED TEMP (°C) -7.3 -7.3
TOP PRES (PSIA) 24.7 24.7
CONDSR PRES (PSIA) 24.7 24.7
25  BTMS PRES (PSIA) 27.7 27.7
DISTILLATE RATE (PPH) 392.0 394.2
REFLUX RATE (PPH) 1231. 600.
BOTTOMS RATE (PPH) 21901, 1385,
30 EXTRACTANT RATE (PPH) 1583. 779.
EXTRACTANT  (LB-MOLES/HR) 22.0 10.8
CONDENSER DUTY  (PCU/HR) -42621, -26149,
REBOILER DUTY  (PCU/HR) 83981. 43128.
35
FEED
FLOWS
PFC-C318  (PPH) 394.0 394.0
HFC-134  (PPH) 606.0 606.0
40 COMPOSITION
HFC-134  (PPM-WT) 606000.0 606000.0
HFC-134  (PPM-MOLAR) 750956.6 750956.6
EXTRACTION COLUMN DISTILLATE
45 FLOWS
PFC-C318  (PPH) 392.0 394.0
HFC-134  (PPH) 0.999E- 05 0.01
EXTA. (PPH) 0.706E-05 0.177
COMPOSITION
50 HFC-134  (PPM-MOLAR) 0.05 49.7
EXTR. (PPM-MOLAR) 0.05 1250
TOT IMP  (PPM-MOLAR) 0.10 1300
PFC-C318  (WT %) 99.999996 99.95
PFG-C318  (MOLE %) 99.999990 99.87
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25 5.)  The process of claim 4 wherein said azeotropic or azeotrope-like
composition consists essentially of from 26.8 to 27.5 mole percent of
perfluorocyclobutane (PFC-C318) and from 73.1 to 72.5 mole percent of 2-
chloro-1,1,1,2-tetrafluoroethane (HCFC-124), said composition having a boiling
point of from 0°C at 24 psia to 80°C at 234 psia.

30

6.)  The process of claim 4 wherein said azeotropic or azeotrope-like
composition consists essentially of from 24.6 to 23.2 mole percent of
perfluorocyclobutane (PFC-C318) and from 75.4 to 76.8 mole percent of 1,1,2,2-
tetrafluoroethane (HFC-134), said composition having a boiling point of from -30

35 °C at 10 psia to 80°C at 326 psia.

7.)  The process of claim 4 wherein said azeotropic or azeotrope-like
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14) A process for separating perfluorocyclobutane (PFC-C318) from a
first mixture of perfluorocyclobutane (PFC-C318) and halogenated impurity
selected from the group consisting of 1,1,2,2-tetrafluoroethane (HFC-134),

35 1,1,1,2-tetrafluoroethane (HFC-134a) or 1,1-difluoroethane (HFC-152a), wherein
the amount of halogenated impurity in the first mixture is in excess of the amount
of halogenated impurity in an azeotropic or azeotrope-like composition of
perfluorocyclobutane (PFC-C318) and halogenated impurity, comprising:
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20 b.) recovering said azeotropic or azeotrope-like composition as a
distillation column overhead stream and halogenated impurity as a distillation
column bottom stream.
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